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ABSTBtCT 

Presented is part one of a training progras designed 
to edacate stadents and individuals in the isportance of conserving 
energy and tc provide for developing skills needed in the application 
cf energy*saving techniques that result in energy efficient 
buildings. Alternatives are provided in this progras to alio* for 
specific instruction in energy*8aving sethcds and procedures, or for 
integration with construction courses. It say also be used for 
8elf-(aced instruction. The saterial s ar e divided into three parts: 
CD Understanding and practicing energy conservation in buildings: 

12) Deteriining asount of energy lest or gained in a building: and 

13) Deteriining which practices are sore efficient and installing 
saterials. iajor topics presented in part one include understanding 
the isportance of energy, developing a concern foe conserving energy, 
understanding the ase of energy in buildings, care and saintenance of 
energy efficient buildings, and developing energy-saving habits. 
CAuthor/DS) 
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Preface 



Ihis is a txaixiing fmgcm detignBd to educate ebidantt end ludivldQels 
in tlie ii^actanoe of cmeerving eneccjy and to pcovide fior demloping ridlls 
neaded in tlie afpUcatiai of eoaxgy-aamiiig tertattepiiw tiist reauilt in enetgy^ 
«f£lciant builUngs. 

Upon a uooa saf ul oonpletion of this coune of instruction, a student will 
be able to p e r C om at the job entry levbl. 

JOtacnativss are prcvidad in this pcogcan to allow fior up e rtf i c 
insttuctioft in enetgi^'Sswiiig wethods and pcDoedonSf or for integLaticn with 
OCTmtguetlcn couesjl ITMy also be used Dor sdf-paeed instruetiSr 

Man used in the classrocn, the unit can be integrated %dth the building 
ooftstnictifln curricultBf or it can be tau^ sep arat ely. 

A teacte guide and student wckfaook are available to stfftlenent tiie basic 
Binials. ihe xesour;s person rtiould consult the teadier 9iide and follow 
procedures 9iven therein* 

Vie wHMwiM is divided into three pertst 

SART ONBt UiSRSmi>IM6 AM) tWCTXCXNG QESGST OOtGDnWItKN IN 
BUIU33NQB* 

SARF not IdBHIMING AHOUNr CT mSCr LOST OR GUtO) IM A 
BCnUXING 

SARF lIIRE£t OeiBMINDX} WICB VRACTKJKS ABE MDGT OFJCIINr AM) 
IMSXMIJMG mOBtXAU. 



Introduction 



Almost evetycme is aMure of the 
increuing rate of energy use and the 
rapid decline in nop^rwiBHehle resources 
CPigiure 1) • They agree that something 
flthoiild be done to conserve energy, but 
they are uncertain about to do* 
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FIGURE 1* The world supply of noni^neW' 
able energy resources is declining 
rapidly* 



How nmy times have you heard scneone 
say, **I krctf I should be saving enex^, 
but I am not sure how to go about it. 
And besides, lAiat little energy I could 
save wuld be so inaignif icant^ it 
muldn*t count.** !Ihe truth is that the 




srodl amount each person saves is 
siqilflcantT Ihe cnly my a great amount 
of ensEcgy can be saved is fyt ewecyone to 
make a oo n ocrtsd effort to consarve as 
nuch energy as posrible. 

A good place to start is in your horns. 
About one fourth of the energy ^nwi^ 
in the Qhitea "States is used in homes 
(Figure 2) . Another 14% is oansipnsd in 
gjuHRtcial buildings. 




ENERGY CONSUMPTION-U.S.A. 



FIGURE 2. Approximately 2^% of energy 
consumed in the United States is used in 
homes and 14% in commercial buildings. 
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20 BARRELS 
PER YEARt 




FIGURE 3. lyo buildings may look alike » but one may be much more energy 
efficient than the other* 



The average home in the United States 
about 35 barrels (equivalent) of 
crude oil per year* With proper oDnser- 
mtim pcactioes^ it is possible to leduoe 
tlds oonsufption by at least 15 barrels 
per year* Holtiply 15 barrels tiABS 80 
aillioti hones in the United States and 
you see that more than 1 billion barrels 
(ei^valent) oil can be saved per 
year* Similar results are possible with 
jj o nHM'cia l buildings* 

Then the question arises^ ""Bw does 
one save energy in a hone or a building?*' 
It is true that you cannot tell by lixkin? 
at a structure lyhether it is energy 
efficient (Figure 3) * The ansuer lies 
in proper desi^^ and oonstmiction^ ecpiip* 
nent selection and installation and the 
operation of the building* 



These and other factors are eDCEdained 
in this ooucse* Qooe you have mastered 
the techniques^ you will not only know 
itet to do to save energy^ but how to do 
it* Ybuney be able to do your am 
Eliding and help others as well* 



You Bey wish to engage in the business 
of binding cr retrofitting hones and 
buildings for energy efficiency* A 
parson who is ekilled in the oonstriKtian 
and npair of energy^^afficient hms and 
tiiildinjs is nucfa in dnond. Ibe 
maberial in this program will help you 
a jdb (Figure 4) * 




FIGURE 4* Building and retrofitting 
energy-^efficient homes and small 
buildings is good business* 
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UdM training pcognn is dividid Into £>M(F !CHDt DGIEmiMIMG MEUKT OF 

ttacm picU. Itay ara as foUoust QERSr LOST OR GUNS) IN 

A BUEUXtM8 

raw amt umsraiDiNG mo pmcticing 

agB Cy OGNSSNKTIQN IN EART TIKEB: DdEIMINING MUCH ffiACnCKS 

BDUCnCS ARB MDGT OFKSHir AND 
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Part I 



Understanding and Practicing 
Energy Conservation in Buildings 



Understanding the iiqportanoe of saving 
cneogy and wys to oonaerve in buildings 
are wplrtined under the following 



of 



I. IhiderstandiD? tlie l^qportanoe 

n. Oewelopiiigr a Gcxioetn for 
GDnsarving Biergy* 



III. Understanding the Use of Energy 
in Buildings. 

W* Care and Mintenanoe of Biergy- 
Efficioit Buildings* 

V. Developing Ehergy-Saving Hedtdts* 



I. Understanding the Importance of Energy 



How many tbnes each day are you 
bcnbarded with the tern "energy?" 
•Bieigy" is on the tips of our tongues — 
the topic of everyday oonversation. It 
is blMted fran the television sets and 
printed in books^ new^epets and 
foagazines. BMrgy is needed for life. 
It abnys hqs been* It is energy that 
is essential to the basic necessities of 
life: food, shelter, and clothing 
(Figure 5). 




FIGURE 5« Energy is essential to the 
basic necessities of life« 
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In xttoent years, dependenoe on energy 
has increased. Our nodecn technological 
society demands itore than the basic 
necessities of life* Sane of those 
donands are oorwenienpe# oocfort/ health 
and reccesticn* it taioes a lot of iBriaiqy 
to provide pMsr for i nghisteial^m 
ngchmizrti ^ tjcanspogjat^ ai>d i^Qg 
heatim anfl coQUn ^ of txiLCBhps* Such 
expanding use of enecgy heu^ created sone 
difficult eoDTtooEoc, social and environ- 
nental ptdblans. Wise and effici^ use 
of energy is essential* ffare time is 
needed for the developnent of alternate 
sources* 

People have beocme accustaned to using 
as much energy as they wish for vork and 
leisure activities. Very little thcxight 
has been given to the idea of energy's 
being mated. VkM, the traditional 
sources of energy, fossil ^ fuels ^ are 
beocndncr acaroe * Everyone must think 
sariously about oonserving energy and 
finding new sources to meet the needs 
(Figure 6). 

This is your opportunity to learn how 
to make wise decisions in the use of 
energy* Firsts detemdne the iiqportance 
of energy in your life and in the lives 
of others liy answering the questions 
discussed under the following headings: 




FIGURE 6. Energy supplies are becoming 
critical. 



A. V4hat is Energy? 

B* ftiat are the foimary Known Sources 

of Energy? 
C* I4hat are the ^fetjor Uses of Energy? 



A. What 1$ Energy? 



*<Q)ergy*' means different things to 
different pec^ile {Figure 7) . To the 
athXetef it means strength, vitality and 
endurance* To the auto mechanic^ energy 
means power to propel* To the chef, it 
means heat for cooking* Qiergy can be 
defined best by describing it. Fran your 
study of this section, you will be able 



to define energy in its different forms 
and under different oanditions* Descrip- 
tic»is are given under the following 
headings; 

1. Forms of Qiergy* 

2. Conditions of Qiergy. 

3. Oonversion of Energy* 

4. laws of Btiergy. 
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FIGURE 7, Energy means different things to different people, 



1. FOBMS OF BBCy 

The principal forms of energy are as 
follows: 

a> Mechanical Biery 

Hechetnical energy Is that uhlch is 
pcoduced ty moving objects and those that 
hove a potential for notion (Figure B) or 
for interrtpting motion* 

rihe terin is used to descriise the use of 
energy in mechanical form: transporting 
things^ rearranging, or distorting them* 
Die most ocnrcn and infiortant characteris- 
tic of energy is its capacity to do work* 



MECHANICAL 

ENERGY 
AMOVING OBiECTi 




MECHANICAL 
ENERGY 

IPOTENTML f OR 



FIGURE 8. Mechanical energy is that 
produced by moving objects and objects 
that have potential for motion or for 
interrupting motion- 
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FIGURE 9, Heat energy seeks an equilibrium by moving from a higher 
temperature to a lower temperature. 



b. Heat Ehergy 

Heat energy is that fonn of energy 
whidi is most iitportant to environraental 
csontiol in buildings (Figure 9) . Heat 
energy alwarys travels from warm to oold* 
So in winter , heat escapes from the inside 
of your heated house to the oolA outdoors. 
In flwroerf heat noves frm the hot out-* 
doors to inside your house. 

Heat is usually a by^^pcoduct of other 
forms of energy, such as friction caused 
by rubbing two objects togetbw. Heat is 
also given off viten natter is changed by 
occdbustion. Mich energy is wasted^ as in 
the generation of electricity. Fbr 
exarplCf cooling towers are used to help 
dissipate heat from the steasn generators 
(Figure 10). 




FIGURE 10. Cooling towers for dissipat- 
ing heat at an electric power plant. 
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OcntMftdbon is used to oon v ert natter 
into haat for buildings. Etossil fuels are 
oonwsrtod into heat., ash and gases 
hy ccBfaustion. As a result, heat is 
^ven off (Figure 11) < 



VENT TO 
OUTSIDE 




FIGURE 11. Heat is provided for buildings 
by converting matter in a hot-air furnace. 



In order to help you provide for 
€n6rgy efficiency, you need to under-- 
stand three methods of heat flow; 

(1) HEKT EIOW By OiaPOCTlOW . Heat flows 
readily throu^ dense materials such as 
metals^ stcne and masonry (Figure 12) < 

nils heat f Iw throu^ the solid is 
conduction* 




FIGURE 12. Heat flows through metals by 
conduction. 



(2) HEKT Flow BY OOHWBCTION . Heat flows 
by convection lAien it is bwns ijj a 
moving medium such as air* If you have 
a hot air heating system, the heat %iill 
be transferred by convection from the 
register (Figure 13) < 




FIGURE 13. Heat flows by convection 
through a medium such as air. 



(3) BEKT Flow B)f VPDlKnSXl . Hoot flows 
£y radiaticn directly froit a li^ source 
ty jrays, such as those of the sun or fran 
an q?en fixe (Figure 14) * 




FIGURE lif. When you warm yourself before 
an open flame > the heat flows by 
radiation. 



c* Light Biergy 

Li^ energy is also thought: of as 
radiant energy. Plant and animal life 
depend on radiant energy fixm the sun 
(Figure 15). 

d. Chanical Energy 

>^ Qiergy is released from naterials 
bgrvhemical reaction. The food we eat 
and the fuel m bum are converted to 
heat eoBtg/ dierolcal dianges.. 
Chendcal energy is released vhen 
materials change molecular structure 
(Figure 26) . 




FIGURE 15. Radiant energy from the sun 
sustains plant and animal life. 




FIGURE 16. Fuel burning in a cylinder is 
converted to mechanical energy. 
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e. Electrical Biergy 

EXectxical energy is gatierated ijj 
iDBdhttnical 9^ne£rat03rs tucndd by sane 
outside souroe (Figuxe 17) . Hie 
pdinaEy souroe is steam turbines, 
heated by fossil fuels. 



MMMETIC 



STATtONAnV 
SAUSH^t 




' wm LOOf 



FIGUKE 17. As the wlreloop turns and 
cuts the magnetic lines of force* 
electric current flows in the circuit. 



f ■ Nuclear Biorqy 

Nuclear energy is derived from the 
splitting of the nucleus of attxos or 
initiji9 two nuclei. Biergy is given 
off in heat. 

splitting the nuclei of atotns is 
called ""fission** and uniting the nuclei 
of atans is called **fusicn** (Figure 18) . 

2. ooaxmasB of iNERsy 

Fbr the purpose of scientific 
discussion and \ise/ energy is separa* 
ted into two conditions, ihey are as 
£d11gws: 

a* Kinetic Bieacgy 

Biergy in the form of motion , heatf 
11^ or sound is called kinetic energy . 
It is energy in notion or at work lite a 
moAiall roUinq dowrihill (Ficmre 19) . 



FISSION 



FUSION 




FIGURE 18. A tremendous amount of 
ener©r is relea'^ed when the nuclei of 
atoms are split or combined. 




FIGURE 19. Kinetic energy is that 
produced by an object in motion. 
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this is the condition in iiiddti enscgy is 
used. Itie purpoee is to do scnetiiing to 
nntteor such as nove it, illjndjute it oar 
wum it* Far exBOfHB, a mewing car has 
kinetic energy. nt)e electxcro fkwing 
through a heating element and photons of 
li^t ocpdng to us fjcon the &m are f oons 
of released or flcAdng energy~fK3t stored. 
(Figure 20)* 




FIGURE 20. Electrons flowing through a 
heating element or light from the sun 
represents released energy. 

Kinetic energy iway be stored, but only 
tq»|orafl:^^ It wust be trapped car 
insulataarsuch as in the flyuheel of an 
engine or heat enec^ stored in Themos 
battles (Figure 21). 




b, tobential Energy 

Potential energy is the capacity of an 
inactive object to produce notion such as 
a snc^tell being hdUi on a hillside 
(Figure 22) . It may also be used to 
denote the latent power of a substance to 
produce heat, li^^ and other toms of 
energy* 




FIGURE 22. Potential energy is the 
capacity of an inactive object to 
produce motion or work. 



Potential energy is stored en^n y 
it is in this fiootm that it is dug fic 



and 
<£jg f rent 

mines, pwf^ed fran wells, shipped and 
stodqdled* It may be in such forms as 
wod, coal, oilf gas or wter bdiind a 
dan figure 23}* 



WOOD 


COAL 






■ OIL/GAS 

111 


K WATER — 





FIGURE 21. Heat energy stored in a 
Themos bottle is kinetic. 



FIGURE 23. Potential energy may be 
stored in such forms as wood, coal, 
oil, gas or water behind a dam. 
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Potential eMcgy sbomge is nare 
pena ncn t than kinetic energy* It is 

• acxttBgliahea within the atructure of 
mttK* DoBcgy is sboracif tot instanoB^ 
in the carbon aton an} released ^iim that 
oaxfacan atom is ocnbined with an oiggen 
nolecule in the chendcal raaction we call 
bumim (Figure 24)* Die pcDdact of this 
reaetioh is cartxm dioxide, CDj* The 
rudeuB of the uranitni atom stores energy 
that is released when that niKleus is 
qplit in two in the fission reaction* 

A simple my to store energy is to 
lift scnething away frocQ the earth* Fbr 
caonide, energy is stored when water is 
* piaped to the top of a water tower, then 
oosiwrted to the kinetic energy of notion 
when the mbx is allowed to run through 
the pipes to its final destination* 




FIGURE 2t*. Potential energy is stored 
in wood and released as kinetic energy 
when combined with oxygen and burned. 



3* OOWHBIOW OF BUEBGi 

Biergy presents itself in lariouB ways 
sudi as li^, heat, sound, nngnetin an} 
notiofu Actually these obeervable chsurao 
teristics of energy are the result of 
energy's being converted fron fbm to 
another (Figure 25)* 




FIGURE 25. Energy has its usefulness in 
being converted from one form to another. 



The sun is our trinary source of 
It Ii"ooi5In55iSIyreIe^^ 
and other wave energy from its nuclear and 
cfaonioal reaction* An engine bunts fuel, 
produces heat/ sound and notion* Ghanical 
conversions of the food we eat enables our 
bodies to keep mm and to give off heat* 
A series of energy oonversions iii a steas^ 
generating power plant are ^mn in 
Figure 26* 
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FIGURE 26. Energy conversions in the process of producing electricity in 
a steam-generating plant. 

A fuel, sudi as coal, is burned to 
release heat uhkh changes water into 
steam* The stem is directed against 
turbine blades to produce mechanical 
energy in the 6om of a totatin^ diaft^ 
Ihe iDtating shaft drives an eLectric 
generator uhich pcoduoes electricity. 

The more energy-to*energy conversions 
between the primary source and the final 
end use, the greater the losses* Ihere- 
fioref the. lower the overall efficiency 
of the syston* 

4. LM460F QBCy 



If, for e«aBfple, you eat a caiii^ bar 

taining 150 calories, it is oomerted to 
other fioois of energy. It nay beoGne 
haet energy in your body, pomr your 
ntiscles, or be used in your brain* It nay 
be stored as fat. It probably does sane 
of all these things, but it alweya mains 
150 calories of energy. 

Another exanfile^ piece of wood— can 
be burned oidy onoe^ but the aehes of the 
wood, plus the heat and anohe in the 
surzDunding eMiiomntf althou^ ecat^ 
tared, have the sane anount of energy as 
the original piece of wood (Figure 27)* 



The basis of our knowledge of energy 
flow and change is sunned up in two laws 
of thePBOdynepucs : 

a. Obnservaticn of Qiergy* 
b« Efficiency of Biergy. 

a* Oooservation of Enery 

The First law of IhexmodynaniicSf also 
knoim as the law of consywttiqi of 
energy^ states: 

Energy can be neither created nor 

ThereGbre, iriien a plant, anijsal, human 
being, or foachine uses energy for food or 
to do work, the energy is not oonaoBed or 
destroyed. It is sinply trananitted to 
another place or changed to another fcwan. 



r 




SMOKE 



1 



i 



A GASES 



— ASHES 



nGURE'27. When wood bums, the energv 
is chatifted to heat« smoke* jtases and 
ashes . 
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Ik Btfieiaacy of Biegy 



NiiU «necigy is 

it m loiigar lifts the 
Qds is ttis Saootd law ot 

is vmAt 



of 



value* 



Ih aw a 



xc 



unawuabUi for TurtEv 



Bich tiM energy ch ange s fbcmon earth* 
lU quBlily is further degt^sd and it 
•venboally esoapes into apaoe, largely as 
loi^^pcadSf difl|iersed heat* Vne 
to desccilie such enaryy losses is 
*«f£lciancy.* BKieispcy ia > 
<rf epMcqy put in vewus spapgy caioan ouc 
(nguca 28^ me stf iciency ot a aaailhe 
or «n engine is the ratio of the useful 
mdc output to the total energy input. 
Ibe fooula is as follows; 



Efficiency 



Useftil icortt outpit 
Tbtal iMck input 




ENERGY 
ISO 

WATTS 



ENeiGY 
OUTPOT 
100WATT5 



FIGURE 28. Energy input is usuelly 
greater than energy output. 



_ =# the Hat given off 
during the operation of a powraTpIant, 
engine, motor or other oorwereioo devices* 
is not often* or easily* c^tured wd 
cut to use. This is a najor fioan of 
energy waste CPtgure 29). Qiergy ccNnnrar- 
sion systoS' which are designed people 
are usually raich less effluent than those 
in nature. Also* ^hey are also usually 
more hamful to the envlronnent. 
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FIGURE 29. Energy loses some of its usefulness (quality) each time it' is 
converted to another form. 
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B. What are the Primary Known Sources of Energy? 



All energy resources belong to one of 
two gn»j|)8— reneweble or vorHC&neMaSalLe 
resources. Ebr exanple, the sun is a 
rensMBble resource; so is y/abeat, Ftossil 
fuels — ooal/ oil, and gas— are non- 
renewible . They were produced over 
williorBof years ty vegetation under 
pressure in the earth's crust and heated 
ifSr the sun. Uraniutif another ixcportant 
energy resource^ is also non^reneuBble. 

Most energy that is used today ocmes 
frcRi fossil fuels vhich are ncxi-renewable. 
Oily 3.8% is derived frcpi nuclear souroes^ 
which are alBo non-renewable. 

Coal, oil and natural gas are the 
primary sources of energy (Figure 30) . 
HDSt electricity cones indirectly fian 
these sources, fix/at 14% is generated 
vater power. 

lAiat about wood? Vbod was never used 
in large quantities as fossil fuels are 
today. But it was the primary source of 
eiieEigy for the first 100 years of this 
oountry. 

Be£cH?e 1850, wood weis the primary fuel 
used in the Iftiited States. Hbod was used 
to heat homes and buildings as well as to 
generate steam for loconctives, ships and 
factory nochinery. After the Civil Wbr, 
our nation experienced great industriali* 
^ticn and tapped ooal as the major fuel 
for industrial growth. Ooal replaced 
wood in the factory , in transportaticm 
systems and supplemented wood as a home 
heating fuel. 

Fran the birth of our nation until 
the 1860'8f whale oil was the principal 
scMirce of fuel for artificial lighting 
and lubrication. Fran 1820 to 1860, 
the price of whale oil rose about 400%. 
Danand exceeded supply. 



ni.S. News and World Report , March 19, 

i§75: 




FIGURE 30- Coal* oil and natural gas 
are primary sources of non-renewable 
energy * 
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Tit 1859 E. L* Crake drilled the first 
ofiinwnlM oU well in the Uhited States. 
Oil ws refined to pcoSuoe keroeene, a 
fuel for lamps, and lubricating fluids* 
Although oil had a shM start as a fuel, 
the developnent of the aiitcmdbile and 
later the airplane faroug^ it into danaM. 

Hlth Edifion^s ingaiious invention, the 
li^ bulb, a need for electricity 
emlved* £Lectric current los first 
produoed ty steeok-^generating plants 
pouered ty ooal. 

natural gas ms originally discarded 
as an uiMtnteJ by-product fcon oil 
drilling* As pipeline technology 
ipfcovedf nDre factories and hmes 
switched to this cheaper, cleaner source 
of energy* 

Presently our major energy aoucpes 
are the non-renewahl^^ 
TRigure 31) * In the United States, an 
qifpandinj population began to danand 
industrial products and the change to 
fossil foelB o c c urred at an accelerated 
rate. Ih 18S0, ooal aooounted for only 
10% of American fuel oonsisicitioa, wod 
£oar 90%* But ty 1^85, ooal passed vood, 
and ty 19X0, the situation of 1850 was 
reversed; ooal 90%, mod 10%. After 




AVAILABLE CONSUMPTION 



FIGURE 31. Oil and natural gas provide 
76% of our energy while coal represents 
90% of available resources (National 
Energy Outlook^ DOE> 1976). 



Hbrld Jibir I, petroleiin «as twice as 
iByocL ant as wod, although ooal vas 
still pDedoninant. But ty 1946, the 
petroleun fuels began to outrank ooal. 

Ntw there is an imbalance of use based 
on danestic supplies figure 31) . 



C. What are the Major Uses of Energy? 



It has already bem stated that hemes 
oonsuoB about one fourth of the energy 
used in the United States. Industry 
accounts fbr 36%, transportation 26% and 
oonuercial buildings 14% (Figure 32). 
All of these are iiqportant to the general 



ftnericans have more than doubled their 
total energy oonsuifitjcn in the last 25 
years. Demand for energy, per capita, 
has increased ty 50% during that tine* 




TRAM5P0RTATI0N INDUSTRY 



FIGURE 32. Relative uses of energy (Tips 
for Energy Savers* DOE, 1976). 



Beating is the largest siiwle source 
of ehegqy oonsw the puilding 

aecttM:* water fteatSig and various 
appl ianoes are njebcfcTSane of the factors 
Vdhich can greatly influence the aonsmp- 
tion of energy for these purposes 
include: 

Building design and location. 

- Insulation^ storm windows^ weather- 
stripping. 

- tfedntatianoe of heating and cooling 
systens. 

- INimaoe and a|¥>lianoe efficiency. 

- Tti&CTOstafc settiDgs (heating and 
cooling) . 

- F\iel and electricity prices. 

These factors inmlve both <XJisecya^ 
tional attitodh^ and ecD^rinic in^ 
You can readily see fictm avaiLAhLe iREbma- 
tion that energy efficiency in buildings 
can have a najor infract on energy oonsmp- 
tion and^ as a result^ eooianic nell-being 
in the imited States. Our b^ SCTmxes 
of energy in the near future ar e 
oon s ervation and ef f ic jeait use of our 
resources. 
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IK Developing a Concern for Conserving Energy 



Nhy all the &S6 about saving energy? 
Are m really running out of fuel? Yes, 
fibesil fOBls (ooalf oil and gas) are 
rapdidly diminishing in mppLy* In the 
past 50 years, more ooal and oil have 
been ocx»xned than in the pre\dous his- 
tory of the earth (Figure 33) * 



NUCLEAR 




NATURAL GAS ■ 

i 




im ttot m% t««i tmi t»3» wt \m 



FIGURE 33. Relative consumption of 
energy in the United States (Chart, 
Energy History of the United States, 
DOE, 1975)* 



Since ftorld Vhr 11, modem technology 
has endomd nan vlth oountless nbdnanizdd 
tools and oonvenienoes ytnch were not 
dreaned of a century before* Most of our 
advances in technology have resulted 
from an apparent abundance of fossil fuels* 
Utility oonianies redacted rates to hi^ 
vdune oonsuners* Bebmm 1950 and 1975 
the energy oonsuifition in the United 
States almost dovMed* We have beoome a 
high^-energyKxmsiining civilisation in a 
very short time* 

No one really knows hm nuch fossil 
fuel is still available, or hm much 
energy can be gained from alternate 
sources* Best estimates^ however^ sean 
to provide for little time to develop 
alternate aourc^I *So exbend this time, 
a conservation momam is neoessary* 
n^ste imist be heLa W a rndniimiii WitWout 
appreciably disrupting production or 
changing lifestyle* 

Ute iit^portance of an orwrgy conserva- 
tion program is discussed under the 
fbllovang headings: 

A. How long Will the Present Supply 
of Fossil Qiergy last? 

B. What are the prospects for Alter- 
nate Sources of Energy? 

C* What Effect ^fay the Bi^rgy 

Situation Have on an Individual? 
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A. How Long Will the Present Supply of Fossil Energy Last? 



lb one really knows how Long the 
present si:pply of fossil fuel will last* 
It appears thore will be enougih fuel far 
tills and another generation twD* The 
£act IB, however, that the rate of 
oonsmptioai is increasing in the Uhited 
States — about: 5% per year* The mount 
available within the iMted States is 
dimiJiidiing about the same rate 
(Figure 34). 
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FIGURE 3U. Energy consumption continues 
to increase \4iile resources decrease. 



This situation violates all amies of 
siqgply and danand* C^rtaiJily, it indi- 
cates a collision oourse, or a point of 
no return* 

You have probably heard or read in 
recent years that doomsday is in si^t 
for our sqpply of fossil fuels> For^ 
casting the end of our abundant energy 
era has been a popular topic anong 
politicians, acimtistSf educators, the 
news media and the Anerican public. 
Etedicting the day^ year or decade in 
which our fossil fuel supply will be 
eochausted is at preset an iiif)066ible 
task* 



Until recently, most of us thou^ 
that our fossil fuel sources were unlink 
ited. Science and technology have proven 
us wrong* Nbw, more than in arty other 
period in history, we are aware of the 
liBilted quantities of oil, ooal and 
natural gas that lie below the earth* s 
surface* We now know that these sources 
of energy that took Mother Nature over 
100 million years to form are limited. 

While the United States has only 6% 
of the world's population, it co^mmes 
35% of the world's energy sqply (Figure 
35) * As technology increases in other 
oountriesf it is eacpectad that coopeti* 
tion fbr the world's scpply of energy 
will increase* 



6% WORLD 35% WORLD 

POPULATION ENERGY 




FIGURE 35. The U. S. has six percent of 
the world^s population and uses 35 
percent of the world's energy. 
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More than one third of the wsgjf 
umA in tiie United States is infiorted. 
A oonoerted ef £Qrt is being made 
both gcN^omA and industxy to xodboe 
our dc p c f^ depofe on fioraigD supplies. 
Scoa of the stefs being taken are as 
fDllom: 

* Uncxeaaed use ot ooal* 

- Incrsftsed oil exploration. 

* iQCCeesed gas eocploration* 

* Develo|Kliig altamate aouxoes* 

* Itediicing waste. 

As these paoogr a ws demlop, the rate 
of depletion will cliange* P«EtepB it 
is not wo inportant for an individual 
to try to pradiot hw long siffdies ^All 
last* But it is iipoctant to realise 
that fossil fuels are nm-renemble 
vesoucoes and at the pr es ent consivption 
r»te# ttey will be gone within a veacy 
tm years* Perhaps not in your life- 
tiJiie# but within a few generations* As 
svppiies diminirfi^ the cost will continue 
to 



by 




Mxh effort is now being 
govezTiDfint and industry to 



to 
and 



CTtes of energy oyBumption* 
tlie oil QPfeargo of 1973# AoioiajLwwf 
people in other natione as well, 
eacperienoed the effects of a fuel 

It WIS a reminder for people 
to take a serious look at the 
energy situation* They becane more SMare 
o£ the ijiportance of energy in our daily 
lives* 

Certainly there are many variables 
involved in projecting energy oonserva* 
tion* tto one can fceciaely predict 
what conservation measures will take 
place and how effective ttey will be 
in perpetuating the life of our fossil 
fuels. Che fact is certain: _ 
tion of fossil fuels is inperatlve* 
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Pran your study of this section, you 
will be able to discum different roacoes 
of fossil energy ana their avnilaailittfl ~ 



Ihey are diacuMed under the following 
headings: 

1. Coal. 

2. Oil. 

3* Natural Gas* 



1. OOAL 

Ooal is the only nanrrenawabLe energy 
resource which still exists In relative 
» Proven U* S* reserves are 
to last to 300 years at the 
current rate of uae.^ Presently, dtxxtt 
6St of the ooal mined is used for else- 
trical generation} about 30% for industrial 
ppooBssB o * In the future, it may be 
converted directly to gas or oil* 

Although there are large reserves of 
ooal in tiie Appalachians close to large 
uttrkets, mining in Vtestem states is 
eaqpanding (Figure 36)* Ttanagortation 
to large narhets will be more eMpensive* 
Ash <Uaposal causes poUution* OcpAiustion 
of MghrsuTFur ooal releases sulfur 
dioadde* Vfestem coal has less sulfur, 
but more ash, than Eastern ooal* Qnder— 
ground mining is a hazardoitt operation* 
Stripnining-^tiie easiest &S least 
dangerous m e t h o d - ca uses erosion and 
leaves barren wastui Rsclanation of 
surface-mined areas is eKpenslve* 




FIGURE 36. The supply of coal is still 
abundant in the United States. 
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OoaX praniaes to have the qrmtwt 
LoMwity of all of our fossil fuftlsT 
BBtanatn indloate that ocnsetvatioi 
nsasures ml^ht help supplies last well 
into the 22nd century* 

2. OIL 

Hie anount of oil whidi remains In the 
tkiited States and oCfishoce is wknoMi. 
One half our oil supplies now cam fran 
ijqpocts. Sixty p^xent is used £or 
transportation (refined as qaaoXine and 
diesel fuel), 20% for residential/ 
aiB BB ivl al heating, and 10% for electrioal 
generation* Since donestlc s up pl i es are 
declining and foreign sugpUes are 
uncertain, we need to plan for less oil 
oonswptlon in the future. Sane estinates 
predict that oil sitplies will last less 
ttian 100 years at our present rate of use* 
Exploration for additional oil reserves 
centers on sites under as nudi as 244ti 
(800 ft) of ocean water and as far as 
7,£2Sni (25,000 ft) underground figure 
3f7). 




FIGURE 37. Exploration for oil under the 
ocean- 



3. NKrUtB&GMt 

The pnmn reserves of natural gas, 
at current use rates, would last only 
another ten years* Some gas is found 
with petzoleuv aome is ISound alone^ 
Mbtural gas is treated to roove heavy 
l^lfdrooarfacns and Igrdrogen sultide, lAich 
can be used by the pet£Ol«KBi and petro- 
cfaodcal industries. lUbout 4S% is used 
as iJMSustrial fuel, 35% for oanRcial/ 
residmtial heating, and 10% for electrical 
generation* 

At the pre s e n t time, natural gas is 
our least eaqpenstve fossil fuel because 
of price oorrtrois that mte it artifi- 
cially cheap. With higher prices In the 
future, cment users will need to suitcb 
to seme other fuel. There will wtoubtedly 
be opposition to such a switch since 
natural gas is the cleanest of the three 
fossil fiiels and is in great dernnd for 
space heating* 
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B. What are the Protpactt for Alternate Sources of Energy? 



Much effort is being made tomxd 
dsMvlopixkg aIt«niBte touioes of mmgy* 
Nsv 40UECM ar« being eaqpILared* As the 
prlcae of fiosail fuels inczeeseSf it 
ap pcoe ch B s the cost of altscnate fuels* 
9mkt won altetnata fuels 



Far the rtogt Uacm , our zeliaonoe for 
snecgy iteuld mmTS be on oil and gas* 
Iter the Xong tmm, ve will be lodUng^ 
ooal, stale pomr and solar* mtfa large 
in sanies in tha ttiited States, ooal wuld 
appear to sea us thzoigh the first quarter 
of tha tmxt oantuty* Etar any lasting 
ralief , wa most ho|« that pcactlcal aieans 
can be ftaandt to tap solar radiation, ifinds, 
tidaSf and gaotliaciBal aoucoas on. a largtr 
scale* Ih the imnadiate future, the hope 
for alleviating ahortages lies with 
reduci n g daraikl* 



Figure 38 ahom the share of total 
U* 5* energy supply that each mjor 
aouroe provided in tha raoant past with 
projectiais for the naar future* 

Frm your stud^ of this sectionf you 
wiU be aUe to list Sana alternate 
aouroas of energy and asq^Iain tlieir 
iafiortanoe* TA^* are disousasd as 

fbllOMBt 

1* Noaattt 

Miclear energy may be the major new 
souroa of energy for the next few years 
(Figure 39) * Nuclear energy is used 
primarily to heat water and rate steam 
which turns staoa turbine generators » 
Rastrictiais on its use way change the 
projections f however* 
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FIGURE 38» Projected uae of domestic supply of current major energy resources 
( Wational Energy Outlook . DOE, 1976). 





1* 


















< 










TOT 


» 




NUCLEAR ELECTRIC 




w 






POWER Generation 














Ul 

O 










s 
















/ 






• 




10 79 10 


i$ 








YEAR 





nCURE 39. An estimated projection of 
the use of nuclear energy for power 
generation ( MationaX Energy Outlook , DOE> 
1976). 

The souioe of nuclear energy is alao 
lisdtaa. the tftilted States, it is 
estifliated that there is about a 20- to 
50-year supply of ucaniwu Ucanium is 
used in the present electrloal power 
plants. It is a fissionable naterial. 

Iteaniup, as a fuel for nuclear 
rsadors^ is a cxxitxovcraial energy 
source. Its advantage^Lles in the fecit 
that 28 9n a OS) of IT^ has a Imt 
value equal to 386 barrels of petroleuiu 
Mining urani us is a great deal nore 
difficult than mining fossil fuels, 
however. Even the richest uraniun ore 
nay oontain only a fraction <^ one 
percent of uraniun. Because uranitm ore 
is not pure and the costs of extraction 
wrVf the anount of current reserves is 
herd to estinate. Sone say lie ham^ 
about a 30 year's sufply left of tr — 




FIGURE **0. Cross sectional sketch of a 
nuclear*powered steain generator. 



the uranim necessary to produoe fission 
reactions in con v en ti onal nuclear power 
plants. Ihs draitedcs to fission as it 
is presently used to pDoduoe electricity 
are the radioactive iMSteSf possihle 
aocidents Whidi wuld release radiation 
into surrounding areaSf €ffid *'*^n**^ 
pollution r es ul t i n g from the large anoisits 
of water from lakes and rivers required 
for cooling. 

Resources for the other type of 
nuclear energy^ fusion^ are unlimited. 
Lithlun hy±ride, a source of deuberiun 
and tritriun, is abmlant. Ihis proc^ 
has not been harnessed as yet. It teikes 
18O,000^P to set off a fusion iiK)oess 
and this nount of heat is difficult to 
contain. 
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lite potential use of aolar energy ^ 
Proper design can be used to take 
aawntage of solar beat. Jn passive solar 
hsati Mf tte sun's snexgy enters a 
twfltiHi^ f is scxBtines sboral fosc later 
use, and bsats the building wltfaout tlie 
use of fans, pup, or other nachanical 
the vmnth aoMs by natural 
if OQRvecliion and 
faaaive solar ^ystae are noce 
likely to be suithhle £or neif construction 
than for modification of existing 
buildings. 





SOLAR 
COLLECTOR- 



SOLAR 
STORAGE 



FIGUHE 41. The sun^s energy is 
collected and stored for use as 
needed « 



Pteeently, ttete are sopEie very 
ptOBdsing appcDacfaes to using solar energy 
for Ion f^mat ure needs audi as wUr 
heating and «ioe heating (Figure 41)* 
UtUbugh the first oo«t nr these SjfBtmm 
is ndAtiwly hi^, in most parts of the 
oowtxy, these flystcsis are e o^ je c ted to be 
cost-effective, espedally as the oo«t <^ 
other enexgy souroes rises, the Mtiaial 
Solar Beating md Qpollng mfootttion 
Oenter (P. 0. Box 1607, Itockville, H> 
i0850) is a good source of free up^to^date 
infiocnation cn uses of solar energy. Call 
toU free (800) 523-2929; in Penraylvania 
(800) 462-4983; in Alaska ai^ ttmii 
(800) S23-4700. 

fiy the year 2000, solar heating and 
cooling ooold satisfy perhaps half the 
needs of all ne^r rasidential and ocmer^ 
del buildings. An advantage of solar 
energy is that it is an imense energy 
eouroe vitii fev adverse envixomntal 
effects, ihere is plenty of solar 
radiation on the earth's surface (Figure 
42). But to be ueeful, practical, 
efficient and ecrmanical, wya mist be 
oployed to captusce, store and 
redistribute that energy as needed. 
Diifl is the challenge of the growing 
solar industry. 
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MEAN OAILY SOLAR RADIATION * JANUARY 
fUngltyt) 



FIGURE Total daily solar energy at the ground in July (Calories/square centineter) 
(Solar Energy, DOE, 1976). 



3* PHIPWOMMC CEM5 

(totomltaic oeiUe are tUioon crystals 
ttat OG0Wt ioLar €QflC^ diractly into 
alactrioal mmcgy (Pigura 43) * An optl- 
■iatic viav ia ainai a i—a ty acianfciats 
lior laaa «B(p«naiv* aid ODte af ficiant 
oalla to ba dawLopad, At {iceant, 
hDw wai 'f tlMy ara ooatly aid operate at 
idbout 18% aCf Idancy* 






FIGURE ^3* Photovoltaic cell. 



4* HMBO 

Itotar pOMTf or hjyvlEoalactrlc poten- 
tial, in tha ttiitad Stataa ia alxaadly 
cloaa to fuU davelopiwat and envixnn- 
mental probLoM will prDfaably pcavant 
»ny aaditional aitea (Piguca 44) • 




FIGURE Ml* Principle of a tfater-powered 
generator « 
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Sdcvaased use of h^dcoelectric pcvwer 
will be in tte fiom of pvvfiad stDcage 
iyvtm which will um the ipaod ospacity 
of *lDaae load** electric plants (for 
ma^im, in the ttidlle of the night) to 
Fcovide poMT during periods <rf peek 
dsttnd the next day* Nhter idll be pmped 
uphill fbr sbocage, and pouar will te 
pDoduoed later iiben it is released down* 
hiU (Figun45). 




FIGURE 45 < A pumped storage system* 



5* SCOP WftSIE 

Solid looete is being used 

to a very limited extent as fuel to 
operate stoan foworod generators (Figure 
46) • A few plants are in use that 
I«xvide as nuch as 20% of a city's 
electricity from tte aoUd loste* 




FIGURE 46« Electric power* plant using 
solid waste fuel. 



Bming nrwhwUhle trashy innixtwe 
with coal or other fuel, to pomr electric 
^enecatoocs is ™1p9 eh attractive idea* 
JA fact, SGM mall plants are alresi^ in 
operation oomerting solid wstes to else* 
trioal powr* A chasp, readily amdlable 
fuel, oomentioml ooAustihle garbage 
possesses 50% of th» pobwtlal heat of 
coal. Altfaou^ the «ast« disposal [toblaa 
is solved, the air pollution problM 
mains. If us tobk full «dueattage of 
the encqy oontainad in all refuse, a 
nail percentage of our enescgy needs 
vould be net* 

6* sngHEnc foeis 

Mste ssuage and other caiAolyiiates 
are being ussd to nahe ccsfastible 
Uqaids such as wlhsnol and alobfaol^ 
Methanol has a 900d po»sntia1 tat fuel 
in autagfaile engines (figure 47) • it 
may be idxad with gasoline or used 
directly* Some £aam of algae pcoducae 
t^^Acooarbon as a ly^fvoduct* Rcoduction 
is linitsd and expensive* 
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FIGURE 47 < Methanol may be used in 
automobiles. 



1!he processing of organic natter and 
waste tfarou^ defcstpsition (ftoduoes a 
gas called nethane. Hatfaane, unlite 
fossil gases, cm be created in a 
matter of weeks under oontrolled 
conditions* Ihe wy in ytidti methane 
is ussd detersdnes its potential for 
pollution* ftien stored, then processed 
in a fuel set-up, tte vasbe lay-^pxDduct 
is fresh wtar Wdch is nonr^lluting* 
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7. WPP 

Wind «Mrgy ^ms popular In tte early 
dtyw of tte oointiy to pinp mter. But 
with tte advent of electricity. Its 




oonverslon and low coetf %«intadlls 3ost 
tteir 9fpefX (Pigura 48) . Ttara 1b 
acne potential Cor idnd gener at ion of 
electric eMrgy, potepe 0witijally as 
much as 10% of tte total mad (Figure 
49) . Tte MDunt mrles in dif ferertt 
parts of tte ooiaitiy (Figure 50). Ite 
potential £or wind energy is third after 
eolar and ptetovdtaic aouEoee. 



FIGURE 48. Windmills once were used for 
grinding grain and pumping water* 




FIGURE 49. Wind generator. 




POTENTIAL ANNUAL WIND POWER 
(Watts perin5) 



FIGURE 50. Relative wind capacities in the United States (Solar Energy^ ERDA» 1976). 
3S ^(j 






8. 



All mtucal 9i(yMr 



of tha wrid 



(Figum 53.) • GntbacMd cnngy is storad 
thft MTth't Mfaoe in tha ftm of 
This «nai^ ioittcft is li^iLttS in 
its distribution «nl wlU not sqpply s 
laxge pirtioii of our needs (Pigim 52)* 

lAige VDiats of geothttael sMugy 
(bwt in the fbmof stflM« such as tlist 
fiound in ge y s ers) ace pCTs en t in the 
.i«rtli*s crusty but it is pnsiriMs to tip 
these l es wc es chly in liidted locstions* 
*^ tl fi^ Tn l* hfts tte iost [ totI sIiij sites 
developed to date* fi^"^ Ceel that over 
the matt 25 years as snch as 25^000 Ml will 
be pDOvided ly gwthenal plants » liiHe 
stem fcoai ttas earth is used to drive 
tnUms Wilch gemrate elactrleity* It 
will [xcnfids lisdted^ local emrgy to a 
£air fawQcdile locations but oannot 
oontrlbuta a great deal to our natiooal 
enaryy budget* 



9* TSDBS AM) OGEKM 



FIGURE $1. Geotherml stean field and 
pomr plant. 



The ooean tide and 
tions in ocean wtcr bave 
oonaidarsd as potential 
energy (Figure 53)« This 
to be very limited f but m 
beiiQ built* 



varia- 



plants are 




GEOTHSRMAL POSSIBILITIES 




FIGURE 52. Geothennal possibilities in the United States, 
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ERiC 



FIGURE 53. The ocean tide is a potential 
source of energy. 

Hie differential ocean taifieratures 
may also be used for generating elec- 
tricity in offdiace pamr plants* 



10 . WOOD 

Nbod is still an iiiixirtant energy 
souroef pra^rided it is grown as a crop 
under good nanagenent (Figure 54) • How^ 
ever, growing forests in new areas would 
face oon()etition far land use ty^ the 
eigricultural sector* 



FIGURE 5^. Hood is an itnportant source 
of energy. 

U. SHSLEOIL 

Shale oil is sedimentary xock from which 
oil can be extracted ty heat* Sane experts 
estimate that the United States has more oil 
in this fom than all of Saudi Arabia's 
proven oil reserves* With present techno- 
logy, this foasn of energy extraction is 
costly in ocnfiarison to o o n ve n t ional 
petroleun* As the price of conventional 
petrolem esoalateSf so does the feasi- 
bility of dale oil recovery, A tr anendDus 
amount of water is required and environ^ 
iQBntal pcobleiDs are involved* 
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C. What Effect May the Energy Situation Have on an Individual? 



Fran thlB section, ]/du will be able 
tx> diflcusB some of the effects that 
emrgy shortages may have on individuals. 
TtMV ate as fbUowst 

1. Effect of Obst. 

2. Effect 

3* Bf£ect on Lifestyle* 
1* EHBCT CF POST 

Alreai^ the ooet of enwgy is incceae* 
ing* All the alternate aystois ooet 
than wintlnj flystene* Qie further 
de«lo[Befit of nsm soueoeg of ooal, oil 
and gas is going to be more expensive 
than it has been in tte past* 

Opal is ooning £icn nore xcnote areas* 
Boolbgical standards are high« land 
wst be reclained %tere strip mining is 
used* Dcploration for oil and Mtairal 
in offfitore operaticns is enpc^fiive* 
holes ate made nov where there are 
only sli^ possibilities of oil and gas* 

Reclaiming oil £ron stale is an' 
ewpensive process* 

The cost of forcMn oil has increased 
three times in the last Irar years. The 
use of alternate sources is usually more 
€0(p6nsive than oonventional sources* 

Best estimates are that energy prices 
will oottinue to increase liy about 10% 
per year* Oost of heating and oo61ing 
buildings will continue to increase* As 
the oost of energy increases^ people 
nuat est^^lidt nei# priorities* A greater 
percentage of pay checks will be spent 
for energy figure 55)* As this &gpenaa 
gets too burdensQne^ oonservation 
measures will tedce place ty necessity 
rather than ty choice* 




FIGURE 55. More of individual incoines 
will be used for energy. 



Costs of all £oiins of transportation 
will rise, thus making it desirable fbr 
people to live near their jobs, schools, 
churches and recreation centers* Use of 
public transportation systons will 
increase as the oost of owning and main- 
~^taining a private vehicle rises, 

2* CTTECT OH THE BCXMKif 

A real problatt with the present 
energy situation is that the united 
States is spending more for foreign 
oil than it gets back in foreign 
trade. This deficit in the balance 
of pajinents causes unaiplpyn»it and 
upsets the eoonony. 




the rate of about 45 tiillion and 
mate per year for foreign oil leaves 
many hnerican dollars overseas (Figure 
S6). 




FIGUR£ S6. The U. S. exchanges 4S 
billion dollars per year for foreign 
oil. 



3. EFFECT ON IJFBTgS 

Mtich effort is being made tmard 
maintaiJiing the lifestyle to \4hich 
everyone is accustomed* Health ocooes 
first but a lot of energy can be saved 
without impairing your health* A 
little disocmiort frcm being too mm 
ac too oool wHl not affect your healths 
While saving eiiergy may cause a little 
inoonvenieaioef it will not hurt you* 

There is a trend toward smaller auto- 
nobiles, mass trans porta tion and reduced 
travel* In bydldings, the enphasis is 
on reducing the heat loss and gain and 
changing tlie therirostat settijfigs* 
ThecnDstats eure turned down in winter 
and up in smnaner. 

People are considering anallar houfles 
and they are raihflging the arount or spe^ 
teated w& oooleg * Taut ao far, no <fraBtic 
dhancpes have taken place in lifestyles 
(Figure 57) * As the cost and availa* 
bility of enecgy increase, the dhange 
will beoome more drastic* 



nhe picture is not all bleak* In 
spite of the higli cost of energy^ the 
Department of Energy expects an increase 
in oonsmption by about 2% per year* It 
is believed that by oonservation and 
increased efficiency in the use of energy 
that a 3% annual growth rate of the 
gross natimal product could be achieved* 

Vft»t can an individual do? Ocyserve 
Reduce waste* ElimixBte 



sary use ol? energy in your transportation, 
in y^ur business and in your home and 
other buLldin^ ^ 




FIGURE S7. Few people have changed 
lifestyles because of the energy 
shortage. 
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III. Understanding the Use of Energy in Buildings 




Ehergy raquirenents £br heating and 
ax>ling buildings are measured in joules 
(Btu)* Far ewpLe, the heating require- 
ments fior a hone during one season nay 
be as nuch as 106 to 212 billion joules 
(100 to 200 million Btu) * 

Ihe term for measuring energy is the 
joule [British Ttennal unit (Btul]* A 
Btu is the amount of heat required to 
raise 454 g (1 lb) of water 0*56*C (1* P)- 
Ihis quantity is equivalent to the burning 
of a moden match. The three primary 
sources of heat in buildings are natural 
gas, oil and electricity* Etoergy availahle 
&Gm each is as follows: 

Natural Gas - 39-2 MJ/ta^ (1,052 ^txj/fth 
Oil * 38.5 MJ/1 (138,000 Btu/gaL) 
Electricity - 3.6 MT/)cN;h (3,410 Btu/kW-h) 

The efficiaicy of gas and oil is about 
75%* When the equipnent is nev, the 
efficiency of electricity is 100%* But 
the conversion of gas and oil to electric 
CTergy is 35% efficient* 

It is estimated that 38% of the energy 
consumed in the l&iited States is used in 
buildings — 24% in residences and 14% in 
oamercial buildlnos. 



Without reducing ocmf ort and conven- 
ience appceciablyf certain measures may 
be taken that will save as nuch as 2/3 
of this amount. Sudh a saving would 
result in a 10% decrease in the total 
oonsinption, or 7.8 quintillion joules 
(7.4 quadrillion Btu}— the equivalent 
of 3 1/2 million barrels oil per day. 

How energy is used in buildings is 
discussed under the following headings: 

A. How Qnergy is Used in Buildings. 

B. How Geographic Locations Affect 
E^nergy Use in Buildings* 

C* How Design and Oonstructicn 

Methods Affect Energy Use. 
D. General Reocnmendations for 
ESr^ergy Efficiency in Buildings. 



A. How Energy is Used in Buildings 



ttost of the energy used in buildings 
is £or spaoB heating (Figure 58) . It 
ranges ^nm 60 % to 75% dep^iding on the 
cXijiate. In cbluaer'^rimateSf more energy 
is needed for space heating* Water 
hgatii^ is the next single largest use 
of en^gy* In the warm sectiCHis of the 
country, air oonditictfung is a big factor. 
Lighting anounts to only about 2 jpercent . 



You cam see that tie first places to 
look for savings are in space heating, 
water heating and other ^^ipliances. Of 
course^ if you live in a hot cXiinate, 
air oonditictfung will be more significant. 




SPACE HEATING 68%/ 

/ WATER 
/hEAT»NG14% 



OTHER 9% 



7% 



J REFRIGERATION 

LIGHTING co8k»*G 

FIGURE 58. Estimate of average dlstrl* 
bijftion of energy in U. S. hoi!^s» DOE» 
1977. 

Since equipnent and ^ipllanoes differ 
frcm building to building^ it is hard to 
estinBte the energy usage. A large 
pecoentage of oonnercial equipnent mist 
be wanned ip before it will operate 
efficiently. As a result, many office 
anl factory machines are turned on early 
in the morning and are in operation all 
day whether they are being used or nt>t* 
Que classic exanple is the coffee peroo* 
later ubich is used in almost all 
oonmercial buildings. Diqplicating and 
oo[y machines are on most of the time. 

Tsi large buildings^ escalators and 
elevators are standard equip.ient. The 
escalatcn: is anothu* machine that constmes 
srargy whether it is being used or not. 
An average 0.8 m <32 in) wide escalator, 
operatijig at 27.5 (90 ft per min), 
with a 4.3 m (14 ft) vertical rise, wiU 
use 4.68 MJ (1.3 kHh) per hour. An 
average 2,043 )gg (4^500 lb) elevator^ 
stepping on 12 floors^ will take ip 
8.1 HHh per car^kilometer (13 Mttur per 
car-ftiile) , so these machines do consuiie 
large oiounts of energy. 



Gonneaccial buildings and residences 
oonswe one-third of all the energy 
used in this oowtry. Bnergy is used in 
heating and cooling the building. It is 
used in ligfatingrappUanoes and eguifMnt 
and is required to make piknbing function 
Eioperly. 

From your study of this section, 3fOu 
will be able to dflerLlle hjy energy Is 
used in buildings. It Is d l sc ussen 
wder the foTlowUig headings; 

1. Heating. 

2. Oooling. 

3. PlintoLng and Nfeiter Heating. 

4. LL^ihting. 

5. Appliances and Equipnent. 



1. ttMIIIS 

Heating oonswes about 68% of all 
energy used in bulUings (Figure 59) . 




FIGURE 59. Most of the energy used for 
buildings is for space heating. 
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Bar qpaoe heating, fuels are oanBuned 
in nactenical equipnent to provide heat 
(Figure 60)* 



SPACE HEATING 




FIGURE 60. Space heating is accomplished 
by burning fuels in mechanical equipment. 

Such units include foroed air 
fumaoes, open coil units, heat pmpB 
and closed hot water or steam eystens, 
to mention only a few* Despite the 
vast differences in heating eystans 
an/ailabLef nosi: of them use throe types 
of enacgy, ^as , oil and electricity * 

2* ooomis 

S)paoe hating and oooling are called 
^apaoe oondltiiming * ** QDoling oonsunea 
1^ than 5% of energy used in hones 
(Figure 61) in the united states. Unlike 
heating units / cooling units generally 
use electricity as a rrn*m^ source* Even 
thou^ there are two ivdn types of air 
oonditionerSf ornfsrecsive refrigoration 
and absorption^ toth use electricity 
to function* Ihe object of air 
oonditioning is to maintain a ocmfor t - 
able taiperature inside the house vthen 
the outside air tatperature Is 
unconfortflkbly hot (Figure 62) . *Ihe 
operating efficiencies of air condi- 
tioning systems vazy considerably. 
Qomnercial buildings use about 9% 
for air oonditioning. 



4« 




FIGURE 61. Energy used for cooling is 
about 5% of the total in homes. 



SPACE COOLING 




nx 

FIGURE 62. Air conditioning requires 
energy to lower the temperature inside 
buildings . 

3* ELCMBING AID WOSt HEKTE^ 

EKoept for heating pl^s^i^XI 
probably the most ei&cgy-free oonvenienoe 
that we tave* Most water supply systons 
are already under pressure when the mter 
arrives froon city water mains* Ptnps are 
required to increase water pressure in 
nulti-sfaory buildings and to sifsply water 
directly fnan wells* 
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The daslgn and size of water heaters 
vary, but tha Erinciple of besting wtar 
is buioally the aane in all systens 
(Figuce 63) . An avcngeJicne for a family 
of four with about 160 n (1800 ft') will 
uae aggKoatimteLy 15 odUifin Btu's per 
year for heating hot water. 



CLOTHES 

MASTER BATH WASHER 
LAVATORY 

\SINK 
DISH WASHER 



rAS 

/ 



EXPANSION 
AND SHOCK 



REUEF 
VALVE 



WATER 
HEATER 




LOWER 
LEVEL 



SERVICE 
L/^SOURCE 



FIGURE 63. Conventional hot and cold 
water systems* 

4, UGHTINS 

Limiting uses about 2.0% of all 
eLectrt^ty oonsuned in the home (Figure 
64) . There axe three major types of arti-* 
ficlal lighting: inoancaesoentf fluorescent 
and H*I*0. (high intensity discharge). 
All of these use electricity as their 
source of pcMer, some more than others 
(mLe I). 

Incandescent lamp s produoe light by 
heating a tungsten riiament with an 
electrical current until it enits light. 
The fiLwent is encased in an evacuated 
glass tube to prevent rapid disintegra- 
tion. These lanps are least efficient 
fer giving off light. 



2% LIGHTING 




FIGURE 6*f* Lighting uses about 2% of 
energy in homes* 

Fibijresomt pcoduoe light ty 
the flow of electrical current thcough 
inert gases. These gases mit ultra- 
violet radiation %Aibh is abeotbed by 
the fluoreacertt powders that ooat the 
inside of each lanp* Ihey are modi more 
efficient Car giving off light than 
incandescent lAope. 

H.I*p. IfPptf ^oce similar to fluoresoent 
lanps with the CKoeption that the light 
is anitted directly by the inert gas. 
Mercucy-^vapor is endiosed in a quartz 
bulb and visible ligtit is given off when 
an electrical current flows through the 
bulb. A second bulb surrounds the first 
and filters out the unwanted radiatim 
and light. H.I.D. larfv are slightly 
core efficient than fluoresoent. 

TABLE I. OOMPAKISON OF EPPICIHCIES OF 
THREE TYFGS OP EUCIRIC UMPS* 



of Ua^p 



lAinena/Vhtt 



mcandeacenb 
Fluorescent 
HID (sodiun) 



8-26 
30^3 
74-132 



niJghting, DOE, 1978. 
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5. MHJMCBS MO BOUgMair 

J^Uanci— UM about 9% of the oongy 
in taOMS CFigura 65) . Gadgets and 
HBpHanoM opante fxam althar om of 
tHO (riMEy energy aoutoas, ^ectricity 
and mtunl gas. Electricity is by Car 
tite Host oonon soutoe of pcwar. 



Relative anounts of enwgy oonswad by 
appliancea and other nedianical coimn- 
ienoea are given in Tablea H and IH. 



nEC£ n. BBcy ooMa fgrioM OF mmor 



APPLIANCES 9% 




Ms jor Affliaroes 



kHVyr 




Clothes Dryer 

(including energy used 
to heat water) 

diatwaeher only 

(0.45 M^) (16 ft^) 



Rneezer — fcostless (0.46 H^) 
(16.5 ft^) 

Range with oven 
with self-cleaning oven 

(0.33 M^) 



(12 ft") 

ReCrigerabor— froBtl 
(0.33 FT) (12 ft-') 



Refrigeratoor/Freezec 
(0.35 VT) (12.5 ff") 

Refirigexator/Fteezea; (fcostless) 
(0.49 VT) (17.5 ft^) 



860 



Air-OQnditioner (room) (Based 
on 1000 hours of operation per 
year. This figure will vary 
widely depending on geographic 
and epecific size pf unit) 



993 
2,100 

363 
1,190 
1,820 

700 
730 

728 
1,217 
1,500 
2,250 




ERIC 



FIGURE 65* Appliances use about 9% of 
energy in homes. 



tbdiing H&chine — autcnatic 
(including energy used tD heat 

) 



iMhing noachine only 

Mishing Machine — ^nDrHautORatic 
(including energy to heat 
letter) 

mahing machine only 
Vbter Heater 



2^500 

103 
2,497 

76 



*Tips Etergy Savers, DOB, 1977« 
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naz m. gwro oqnsumtionof 

PORDkBtf APPtJMCES* 



Xitchan J^jplianoes 


kMvVr 


Bl«nler 


15 


acDil«c 


100 


Carving Rnife 


8 


Cbf fee Haker 


140 


Dm|> Fryer 


83 


Egg Gbdoer 


14 




186 


Hot Plate 


90 


Mixflc 


13 


Oven# MlcEONave (only) 
itouter 


190 


205 


Suriudch QriU 


33 


Ibotter 


39 


Ttadi OoRpactoc 


50 


mffle Hon 


22 


fiwtft Dl^oser 


30 


BMaewares Kttv^ 


Clodc 


17 


Floor Poliaher 


15 


Sewing Machine 


U 


Wacom Cleaner 


46 


ttne Bntertainnent 




Radio 


86 


Radio/Record Player 


109 


Teletdaion 




Black & white 




Tube type 


350 


Solid state 


120 






Tube type 


660 


solid state 


440 



BBating and Oooling 




Air deanar 


216 


EUctric HLaiiloBt 


147 


D^SBldifioc 


377 


Pan (attic) 


291 


Ean (cizcuiating) 


43 


Eta (it^UBMBy) 


lae 




170 


aaat«r tporta)bl«) 


176 


IliMitlm vmA 






163 


loundbcy 




Iron (hand) 


144 


Health & Beauty 




Gemicidal Imp 


141 


Hair Dtynr 


14 


Heat lanp (inficared) 


13 


Shewer 


1.8 


Sun lanp 


16 


Tbothbruah 


0.5 


Vilxator 


2 



^ip0 far Bnecgy Skver«# DOE, 1977* 



NQQXt ttun using these figures for pcojeo* 
tionsr such factors as the MiM of 
the n>ecific a|plisnoe# the geo^ 
graphic area of use, and individual 
use should be taken into oonsideca^ 
tion* 
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B. How Goographic Locations Affoct Energy Use in Buildings 



of buildingv vary 
with tin gcojtuphic location* Vw 
in ODld looatiom nore «nngy is 
fior hwting (Figure 66) * Vw mmfUMf it 
takM thrae tines as nudi fuel to heat a 
houae in New Ttaxk ae it does the sane type 
of hxise in Gec»Dgia CMble IV) * 



W* OCWKRISON OF BtBCX RBQDIRB- 
MPIISTO IPg SP glAR B3S3SBS 
IN FOUR OIFFBtSIT GLDWFIC 
ZONES 



Binurk 


New York Denver 


Atlanta 




Billion Joules 




528 


2U 146 


72 




Million Btu 




500 


200 140 


67 




FIGURE 66. In cold climates, more energy is ir.quired for 
heating than in warni climates. 
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rtm Unlt«d SUtfls is divided into four 
y^jrffh iif 1 aonn foe dasign pucpoMt 
(Plgir* 67) . HLth thm addition of Alaska 
and BMsii, two van wontm tan addad. 

Tidbla V givM climtic oonditlons 
that influence «Mcgy uae in buildings. 

From your study of this aaction, you 
will be able to aiylain how yoaca|ihic 
location af facts'«>gqy uae in ouUdings. 



lABt£ V. CLDfmC OONnmONS IHKT DKUQCE QESGSr USB IN EUIU>IMQS 



location 




nar Hoistun 


Hind 


Sun 

(Annual Hours) 





N. Ghio 


Oold 


Hot 


Huidd 




2200 


N* Kimsota 


Gold 


Hot 


BoRdd 


Win*? 


2200 


Otoagcn 


Mild 


Mild 


«- 

VfBC 




1800 


N. Hississicpi 


Gold 


Hot 






2600 


Gulf Coast 


Oocd 


Hot 


amid 




2600 


S. Florida 




Hot 


Bmdd 




2800 


Oolocado 


Gold 


Hlli^ 


Dry 




3600 


5. «tot 


Mild 


Hot 


Dcy 


MiiKly 


4000 



dlicuMtd under the foUoMliig htdlnrjgt 

2* ftoistura* 
3* tttnd* 
4* Sun* 



FIGURE 67, Climatic regions in the United States* 



X* TDRRRTUFE 



taj^JBiatiicB iff the most inportant 
factor in enaxgy vm in .buildings. Ab 
you knoHf the winter teep eratu pe is 
mlnfalfiert in most builOlnge at 20% 

• (68^P) to 2XK (70*P). the 
tepptEature cutaide is lowx than 18% 
(65^ f «mgy ia raquired to ralae 
the ttt^jeralure inside the building 
(Figura 68)* 



Inside t anpe gat ure is maintained at 
26% (78^ Airing the suner. ttm the 
outside tsapeiature is greater than thiSf 
energy is raguixed to Xmer the tafieratuee 
inside (Figure 68) * Ihe energy xw^iirad 
in both instanoes is to maintain a 6% 
(22^F) dif£erenoe in taperatuce* 




e*C (46*F) 
OUTSIDE 



20 *c (ee*Ft 

INSIDE 




12*C (22*F) TEMPERATURE DIFFERENCE 
317 MJ/hr. 30X>00 BTU/hr ) REQUIRED 



37'C (lOO'F) 
OUTSIDE 




12*C (22*F) TEMPERATURE DIFFERENCE 
31.7 MJ/hf. (30X>00 STU/hr J REQUIRED 



FIGURE 68. Energy is required to maintain the temperature within a 
building at a coiafortable level. 




FIGURE 69. Ice-constructed igloos 
insulate against cold. 



Burly wttlen of thl« CDtitiMnt 
t3uilt for cnvixomental oon f oc t without 
using extcmlve momtm of tMrgy. ^ 
cool rwioM, snbw pcovidttd * 
insulation as 



it cndoaed ipaoe* The 
nooth^ intarior ice lining sealed 
against outside air inf iltxation and loss 
of inside heat (Figure 69) * animl 
skins draped on the Inside surface of 
i9loos xeduoed radiant heat Ices fmii 



In hofe^id regions the thick adobe 
oonstrucEion used i£rroof and wall 
oonstruotions dgtLaiyed the ijqpact of 
solar radiation until late in the day 
(Figure 70) • Adobe oongtructicn alao 
retained heat £or a long period of time, 
tfaua providing wuoith during cold 
cmninga* Staaall openings, such as doors 
and window, ^rtniwixft^ direct tzans" 
vdsaion of solar radiatim and hot air* 
Shelters were oriented in a narth-eouth 
direction to "jt^lF^jy the iiqpect of a 
hot/ rising mm or an even hotter setting 



2* MPI3BURE 

Ihe relative hunidity is isportant in 
designing housing* Chill factors are 
partial ly deteniined ty the apoiait of 
aoieture in the air, ttwt people are 
oo wforla ble at 40-60% relative 




FIGURE 70. Adobe construction protects 
against heat. 



twddity* Rftlati^ hmidiity is the 
asDunt of moisture in the air ooofa ar ed to 
the asDunt that oould be there. Vbu are 
Bore oomfbrtaUle utaen the air ia dry and 
cold than when it is danp and cold 
(Figure 72). 




FIGURE 71. Shade and ventilation protect 
from heat in hot-humid regions. 
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FIGURE 72. toip and cold are sor* uncomfortable than dry and cold. 



miiDt-laada 




1 ttm m 



on CM sixuctaim iso Jidtoo> 
loljar z«Uatlcn (FigiBtt 71) * Bvmms 
am rtarinhU to apm milB mA derated 
noon aUon air drmlatim fcr oo61ixig 
mtunl witUation* 



If your building is danp, a highar 
is neadfid for oonfort, thus 
flnaryy is zaijuixod* 



Mao, you an mora oonfort^hle ^Am 
tfaa air is dry and hot than «hen it is 
soiat and hot* 

Iha wind is alao a factor in energy 
uaa in hoaas* Itera practical ^ your 
housa flhoold ba protactad against c old 
[mailing wiids (FLgoitt 73) . mfU- 
ttaticn of cold air through cracks and 
?aaaes mexgy use 
Ly • A house idtliout caulXing 
and yaatharstripping my uie tuioa as 
nucb anaxgy as one with caulking and 
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MORE HEAT REQUIRED 



FIGURE 73. Cold winds increase tne use 
of energy in buildings. 
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CLOUDY DAY 
63 3 MJ/hr (60.000 BTU/hr» 
REQUIRED FOR HEATING 




SUNNY DAY 
10.5 MJ/hr (10.000 BTU/hr) 
REQUIRED FOR HEATING 




FI(3URE 75. More energy is required for heating on a cloudy day than on a sunny day- 



OH the other hand, a breeze can be 
quite ueloone in the swmer. The desixe 
to utili2e hature^s air qonditioning 
probably inspired the iimcrvaticn of the 
poEcfa* Hie old possuD xm oar dog trot 
houses in the south provide cxxnfort ty 
channeling prevailing sunns breezes 
(Figure 74) ♦ Air conditicning systans 
have not duplicated the ef Cect of a fresh 
breeze* 



Long agOf farmers uho lived close to 
nature learned things about the wind that 
we should utilize* Oliey learned that 
trees can divert the uind*s direction* 
E^mners built their houses and animal 
shelters down wind of and adjacent to 
windbreaks* Claims are made that when 
houses are placed in these wind-shield 
areaSf as much as 20% of fuel cost is 
saved* 




PREVAILING BREEZE 




DOG TROT 



FIGURE 74, Porches and breezeways help 
cool houses. 
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4* SON 

Sunshine aids in reducing energy needs 
for buildings iUPisjme 75) * On the other 
hand^ it increases the need for cooling* 
Ihere are certain parts of the country 
that have more sunshine than others* 
Usually, these are in the warmer climates* 



The sun is high in simmer^ low in 
winter* The sun's path is precise and 
predictable (Figure 76) * Designers use 
this fact as an oifxnrtunity to control 
the sun*s effect on energy use in 
buildings* 




27 MJ/hr. - M' 

(240 BTU/SQ. FT )(12 NOON) 




FIGURE 76. The path of the sun influences the use of energy in huildings. 



C. How Design and Construction Methods Affect Energy Use 



Several factors influence the amount 
of ^leigy used in buildings. 

Planning an cnergy^f icirat home or 
building begins \nth the selectim of 
the site, fblloued the proper orienta* 
tion of the building on the site. Design 
of the structure, arrangenent of roonis, 
selection of naterials and mechanical 
equipnent are of equal inportance in an 
enec^Qf^^f idbent building* Your undter* 
standing of design and oonstruction 
methods will help you save energy in 
your building. 

Prom this section you will be able to 
describe how design and coMttoactim 
metftpas afreet ^^^^ ^^^tey are 
discussed under the rbllouing headings: 

1. Effect of Site Location. 

2. Effect of Design* 

3. Effect of mterials Used* 
4* Effect of Ihsulation. 

5. Effect of v:apor Barriers* 

6. Effect of Weatherstrlpping and 
Caulking. 

7. Effect 3f Windows and Dcxsrs. 
8* Effect of Heating Methods* 
9* Effect of Air Conditioning. 

10. Effect of ventilation Method. 

11* Um Methods of Heating and Cooling. 

12* Effect of Lighting* 

13. Effect of Pluvbing* 

14. Qiergy-Efficient Appliances. 

1. EFFECT OF SITE lOOCTlDN 

Site location and the orientation of 
buildings on the site affect the anount 
of energy used in heating and cxx>ling* 
The sun and wind are tMO major factors 
that influence energy use* 



Hill tops» ridges and hi^^ier elevations 
have niore expc^ure to the vAxA and are 
colder in the winter and cooler in the 
smmer. m oold climates^ select southern 
eaqposures protected ijj land of hi^ier 
elevations. Flat sites are open to full 
sweeps of wind* Air tenpexatures near 
large bodies of Plater are taip^?ed by the 
wind. 

Sane t rees make good wind screens. 
Deciduous trees are excellent sutmer 
shelters^ vbile evex^reens provide 
shelter the year round* 

Room orientation is also important. 
Boons of major use oriented to the 
sodthem, warmer side of a building 
capitalize on solar energy. 

Qiergy oonsmption can be reduced by 
choosing the site carefully* Site 
location should vary, depending on the 
climatic zone* Site locations dio«ilc3 be 
considered for each of the zones as 

follOHSt 

a* Cold Zone 

A house built on the northern or 
western slope with little or no porotec- 
ticn fron the prevailing winds will use 
more energy than one situated on the 
southern or eastern slope {Figure 77}* 

Vegetative protection can also be a 
factor in energy use* 



Keep in mind that in the northern 
hani^tere the sun is hig^ in the sky 
during the smmer and lower on the hori-* 
aon during the winter. 
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b> Taigerate Zone 



c. Ibt-*Hiinid Zone 



A hfllanoe is needed in the tai()erate 
zone between protecrtion frcm wind in 
winter and access to air in smmer* 
AleOf vegetative protection that is used 
in winter may be iised as shade in 
wner (Figure 78) * 




FIGURE 78, A building in the temperate 
zone should be moderately protected. 



Samer oonfort is mare inqportant than 
winter heat in the hot-hunid aone. If 
air circulation is inadequate during 
sumner, excessive energy will be needed 
for cooling. Houses should be situated 
on southern and northem slopes with 
vegetative protection and shade provided 
(Figure 79)* 




FIGURE 79. Buildings in the hot-humid 
zone should be oriented toward the 
north or south with ample shade for 
suimner. 




d> Hbt-^id Zone 

Houses should be oriented tomrd the 
east with afternom blading CFigwe 80) < 
Wivi is not iiqportant here because it is 
genecally not too ODld in winter and it 
is hot and dry in sanner* It is best if 
oan shield the building fran sininer 
pErevailing wint3s* 




HOT-ARK) ZONE 



FIGURE 80* Buildings in the arid west 
should face the east and utilize after- 
noon shading whenever possible « 




FIGURE 61. Rectangular houses oriented 
toward east and west generally use less 
energy year round* 

2> WFECT OF DESIOT 

The shape of a building also has an 
effect on the anounb of energy used* 
Genecally^ a rectangular house c^riented 
east and west will use the least anount 
of energy (Figure 81) » 

Design should allow for exposure of 
windows to sun in winter and ^lade in 
sonter (Figure 82) < Shades may be used 
effectively- 




SUMMER 



WINTER 



FIGURE 82* Windows should be exposed to sun in winter and should be shaded 
during summer* 



S8 



EMC 



SxlOcm 

STUOS 
41cm 
06 IN ) 
ON CENTER 




6.9 cm 

INSULATION 



6x16 cm 
(2X6INJ 
STUOS 
61cm 




15 2 cm (6IN ) 
INSULATION 



FIGURE 8i*. Structures may be designed to accommodate more insulation* 




Designers are changing their philoscq^hy 
about buildings. The **anythijr)g goes** 
attitude tdiich weis characteristic of the 
past decade has suddenly evolved into a 
functional and efficient approach to 
building design. Far exairple, raoiiling 
structures are being replaced with 
cubicle buildings \itdjdti have a mininKia of 
exterior surface area. Such measures cut 
doun on one of the greatest sources of 
heat loss. 
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DC 
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CO 



LARGE WINDOWS 
REQUIRE 
MORE ENERGY 



SMALL WINDOWS 
REQUIRE 
LESS ENERGY 



FIGURE 83, Large windows require more 
energy than small windows. 



Uie use of glass has beoore an iBpor- 
tant factor in design. Before energy 
ooaiservaticn ms ijtportantf designs with 
large expanses of uninsulated and 
uiqgx>tected glass were cxmnon. Now the 
anount of glass used in niany building 
desi^ is being reduced (Figure 83) . 
Nearly everywhere in the continental 
united States^ scuthrfacing windows 
adidt mare heat than th^ lose. ^ 
effectively reduce heat loss throuc^ 
windowsr at least two layers of glass 
are needed in cold climates. A third 
layer of glass, or novable insulation 
(curtains or strutters) oororing the 
glass at night/ can reduce heat loss 
further. An overhang or oth^ shading 
will cut UHMamted smmer heat. 

Designs are being adopted which 
utilize better insulation . A new design 
innovation is the Arkahiais System which 
reoGnnends 5.1 x 15.2 cm <2 x 6 in) stud 
f randng to acoonmodate more insulation 
(Figure 84). 

Additional cc^iservatioa measures 
include the utilization of insulated 
<^>or3 and ttulti^pane windows^ Goieral, 
overhead lightii^ fixtures are being 
replaced by task lighting. 




iC 



GO 
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Many £actors are taken into oonsidera- 
tionf including the orijytartuogi of the 
house, slope of the loaE f ^P^^ ^""^ 
dtine I pceimlling Wtnte and site Ufcltude* 



Mechanical 



I the utili 



should not inftose 



large loacSs <m the utility system duringr 
peak periods. Hie selection of oversized 
equifnient diould be avoided* In ooometcial 
buildings^ the most signifioant £eatures 
iiclude the use of ijigulaticm y piDper 
fcMstiatlon; oontool of vm^ilatiDn ^ 
Uwels of illypdiMt^^ of the 

buiXdin^^ and the eapbeed mirfaxx ^jresi^ 

It has been pcoven that oonstruction 
costs do not have to be greatly affected 
in either residential or oonmercial 
buildings in order to save eansxgy* An 
ewfUe of this £act in cxsitneroial 
buildings is in the General Servira 
Administration Building in New Digland* 
Q[)ergy usage is cut between 30-50% the 
use of good design* The price came to 
$50*10 per square foot in ocu^ariaon with 
the average oost of $50*00 per square 
foot for similar construction in tl:at 
area* 

3 * EPFBCT OF VKmOMS {3SED 

In order to conserve energy in 
buildings^ the principle is to reduce 
heat transfer through the outer structure 
of the house. Some building naterials 
allow more heat transfer than others* 
Vtxc eacapfile, just as mibh heat will be 
lost^ or gained^ through the same area 
of 20.3 cm <8 in) of concrete btodc as 
through 1*9 on <V4 in) of wood and iiKi^e 
through a single window pane (Figure 85) • 

You should ourisider using ocnnbinations 
of construction materials that will allow 
the least heat transfer, ^le VI gives 
the relative h»t trantf er resistance of 
several ooimDn building materials. 

As to CGnfcinations of these^ ocji^mre 
the total resistance to heat transfer of 
the tw wall ooftpositions in actable VII* 
Note that neither mil has insulation. 



EQUAL ENERGY FLOW 

4 8mm 

{3/16m) 















L ' 



GLASS 



1 Scm 
(3/4in} 




WOOD 



20.3cm 
(8 in) 




CONCRETE 



FIGURE 85, Heat loss varies through 
different materials. 

4, EEFBCT OF DCUUglQM 

^Che type^ anount and the my insulation 
is installed are all inqportant in reducing 
heat transfer in and out of buildings* 
EVmr exantile, loay have 15*2 an <6 in) 
of insulation in ^ur attic but have more 
energy loss than your neighbor \^hose 
house has the sanie amount (Figure 86) * 
The reason is that different types of 
insulation have different insulation 
values* Another reason is that cme 
house may have all the cracks and crevices 
oovered vdiile the other my not* 

You learned from the last section the 
iiqportance of selecting materials* Ibte 
the value of insulation in Table VIII as 
to resistance to heat transfer. 
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TABLE VI. RESISTANCE TO HEAT FLOW OF SCME 



Type and mterial 



BUnDING BOftED 

Oypsun 

Plywood 

Wbod Subfloor 

Concrete 

Concrete Bkx^s 
3 aval core 
sand and gratvel 

Cinder 

Odincn Brick 
Face Brick 



(on) 



0.95 
1.30 
0.64 
0.95 
1.30 
1.90 
1.90 



15.2 
20.3 



10.2 
20.3 
10.2 
20.3 
10.2 
10.2 



(in) 



3/8 
1/2 
V4 
3/8 
1/2 
3/4 
3/4 



6 
S 



4 
S 
4 
S 
4 
4 



neslstanoe 
to Heat 
Flow (R)* 



w 



0.06 
O.OS 
0.05 
O.OS 
0.11 
0.16 
0.17 



O.OS 
0.11 



0.13 
0.20 
0.20 
0.30 
0.14 
O.OS 



Btu 



0.32 
0.45 
0.31 
0.47 
0.62 
0.93 
0.94 



0.4S 
0.64 



0.71 
1.11 
1.11 
1.72 
O.SO 
0.44 



SIDING 

Wood d:dngles 
Wbod bevel 
Wbod plywDod 
Mundmia or steel 



41 

1.3 X 20.3 
0.95 



16 
1/2 X 
3/S 



0.15 
0.14 
0.10 
0.11 



0.S7 
O.Sl 
0.59 
0.61 



Ule^ asphalt f liiioleiinf 

vinyl* rubber 
Hardwood 



o.oos 

0.010 



0.05 



BOGTIMG 

Asphalt 0.95 (3/S} 
built-up 



O.OS 
0.06 



0.04 
0.33 
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tnebers)2»C-5- vatts 



W 



Tn-t^^ . = Hours {feet)2«»p^ British thermal units 
BEu 
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1MS£ Vn. OQWARISCN OF IGSISmiCE TO HEAT 
VUM OF Wfl BOBia JM) mO TSfPICAL 
HKUi SECTKNS 



Resistance 

Frane Hadl to Heat Flow 





m2»c 


h.ft^«F 




TT" 


Btu 


Outside fi3m 24 knt/hr (15 Jtfih) 


0.03 


(0.17) 


wind, winter 

Siding, vood 1.3 x 20.3 cnt 






0.14 


(o.ei) 


(1/2 X e in laEfted) 






Sheathing 1.3an (1/2 in) regular 


0.23 


(1.32) 


inside dead air E^taoe 


0.16 


(0.91) 


O/psm. vRdl board 1.3an (1/2 in) 


o.oe 


(0.45) 


3^iside surface (winter) 


0.12 


(0.66) 


Total Resistance 


0.76 


(3.43) 



Re«istanoe 

Masonry Wall to Heat Flow 

(Rvalue) 



(Xttside surface 24 kti^/hr (15 nph) 


0.03 


(0.17) 


Face btridc 10.2an (4 in) 


O.oe 


(0.44) 


Cenent nortar 1.3an (1/2 in) 


0.02 


(0.10) 


Cinder block 20.3an (6 in) 


0.30 


(1.72) 


Air space 1.4an (3/4 in) 


0.23 


(i.2e) 


OypBun board 1.3an (1/2 in) 


O.oe 


(0.45) 


Inside surface 


0.12 


(o.6e) 


Total Resistance 


o.e6 


(4.e4) 
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ms£ viu. RESIS1MO ID met floh of sqic 



Reslstanoe 

Type of Insulation to Heat Flow 







h.ft^^P 
Btu 


BUniket and Batt: 5.1*6.9 an (2-2 3/4 in) 
(fibecglass) 7.e-8.9 on (3-3 1/2 in) 

13.3-16.5 aa (5" 1/4-6 1/2 in) 


1.23 
1.94 
3.35 


(7.00) 
(U.OO) 
(19.^) 


Loose Fill: 

Cellulose^ per 2.54 an (in) 
Sawdust, per 2.54 an (in) 
Ferlite, per 2.54 on (in) 
nineral fifcer (xodK., slag, glass) 

7.6 an (3 in) 

U.4 on (4 1/2 in) 

16.5 on (6 1/2 in) 

19.1 on (7 1/2 in) 


0.65 
0.39 
0.48 

1.58 
2.29 
3.35 
2.23 


(3.70) 
(2.22) 
(2.70) 

(9.00) 
(13.00) 
(19.00) 
(24.00) 


Vienniailite, per 2.54 on (in) 


0.39 


(2.20) 




MSULATION 
IMPROPERLY 
mSTALUD 




INSULATION 

PROPERLY 

MSTALUD 



FIGURE 86. Two buildings with the same type and thickness of insulation may 
not have the same energy efficiency. 



All types of ixisulation work on the 
principle that aii is trapped in the 
spaces between particles or layers of a 
material* Trapped air is a poor heat 
conductor » Sonne Insulators ocmbine 
aluninun foil as a reflected with other 
insulating material* Aloninun foil 
reflects heat* 

Insulation is available in a variety 
of fomSf sizes and thicknesses* loose- 
fill is one of the fe^r types of insulation 
that can be used to insulate the mils of 
an existing building without ranoving 
the WBllboard or plaster (Figure 67)* 

Loose-fill insulation consists of 
email particles of mineral vjdoI^ wod 
fibers^ or vemiculite* This tnaterial 
can be poured fron bags between ceiling 
joists in an attic^ but in wedls of 
existing houses special equipnent is 
reqpilred to blow the insulation into the 
crevices* Adding p r op er anounts of 
loose- fill insulation to an uninsulated 
structure can easily reduce energy 
oonsmfition one-half* 




FIGURE 87. 
blown in- 



Loose-fill insulation may be 
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FIGURE 66. Styrofoan and compressed 
organic fibers come in rigid sheets. 

Ihsulating panels of styro&wn, ISoLT' 
urethane and ODP |jre saed organic fibers 
are effective materials when plaoed in 
proper locations in buildings (Figure 88) . 
These panels are oomnonly used on flat 
roof decks being put in place before the 
final roofing* 

They voay also be added to the outside 
ualls, 

FlexiJ^le insulation is available in 
blankets and batts* These, too# may be 
of mineral wool# mod fibers# or fiber^ 
glass and oome in varying thicknesses 
(Figure 89) • Standard widths are 41 and 
61 on (16 and 24 in)* Batt insulation 
is installed between exterior wall studs 
and ceiling joists in residences during 
oonstruction* 

5> HTECr OF VAPOR mURIERS 

As warm air ocmes in oontact with a 
cooler surface^ such as walls and window 
panes, water vapor in the air condenses 
on the oooler surface, ttien insulation 
is used in walls and ceilings# moisture 
can condense on the inside surface of 
the insulation if an eKtme to^jerature 
difference exists between the roan and 
the outside* If this mDisture wwks its 
way to the insulation^ the insulation 
a conductor of heat and loses 



mxAi of its value* Tto prevw t the 
passage of moisture from the interior 
of the room to the insulation, a vapor 
barrier is desirable* This vapor 
barrier is sinply a layer of non-porous 
paper, plastic, or alunintin foil on the 
inside surface of the insulating material 
{Figure 90) * should noisture collect on 
the vapor barrier, it camot pass throu^ 
to the insulation and it eventually 
evaporates into the rocm. Thus the insula- 
tion in the wall remains dry and effective* 




FIGURE 69. Insulation batts or fiber- 
glass. * 



MOISTURE 
CONDENSES 
INTO 
WATER 



V 



I* 



NO VAPOR 
BARRIER 

"IWARM MOfST 
.J AIR 



COLO SlOE 



WARM SlOE 



-VAPOR BARRIER 



WARM MOIST AIR 



riGURE 90. A vapor barrier is used to 
prevent condensation of water on the 
cool side of your house. 




FIGURE 91. Huch heat loss and gain in 
buildings is throxigh air infiltration. 

6* tayjjgr of tBViHmsTKippiMs aw? cwiLKnc 

Air infiltration is a robber of energy 
in buildings « lb matter how nuch Insula- 
tion yau havfef if there are cracks ^ihem 
cold air can get in# you are going to lose 
heat (Figure 91). 



7. EFFECT OF WDOOHS AM) DOORS 

Glass is a poor insulator « So the 
more windows and doors ym have^ the more 
heat loss you can expect. Fbr exanplef 
a house with several {shaded) windows 
will lose more energy than one with a few 
(Figure 92) . Hlndows loay be used to an 
advantage for heat gain if placed on the 
south side. 

Windows and doors are installed to 
fit loosely enough so that they nay be 
opened and shut witli little effort. 
Therefibref there is always a crack around 
each window and door through which heat 
can escape and cold air can blow in. 
Even if a building is thoroughly insu* 
lated and furnished with sbonn windows 
and doors f the cracks and openings can 
add up to a large source of heat loss. 




FIGURE 92. Windows )iave very little 
resistance to heat flow. 



Gold window panes create a draft, 
nhe air is cooled iiy the c61d window 
pane and the colder air sinks toward 
the floors allowing the wanner air to 
move toMrd the window where it is then 
cooled. This cooled air also moves 
toward the floor causing a constant air 
motion awety from the window, at floor 
level, and toward the window in the 
upper half of the room. A draft conies 
tixm the window and is smetiiwe confused 
with a draft blowing thcough a crack in 
the frame or between the window sash. 
Actually this **draftf or air moticmf 
nomolly occurs although the cracks are 
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P9UBLE PANE WmOj 



FIGURE 93. btonn windows or multi-pane windows save energy* 




StDtm windows or mUlti-pane windoM 
help to eliminate this pcobLen (Figure 
93) * ^they provide fior air apaoe Wdch 
is tesistant to oonductive heat flow 
between two or three panes of glass > 



8> graCT CP IPtmc >CIHODS 

The anount of energy used is directly 
related to the sixe of the house (Figure 
94) * You ^ihould oomider hasting and 
cooling only part of your heme if it is 
very large* 



V 





LARGE HOUSE 



SMALL HOUSE 



FIGURE 9tf. A large building will naturally use more energy than a small building. 
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SUPPLY REGISTERS 



BONNET 



HIGH RETURN 
REGISTER 



DAMPER 




SMOKE 



CONTROLLED 
FRESH-AIR SUPPLY ^BURNER/BOILER 




RADIANT 
CEILING 
CABLES 



-THERMOSTAT 



FIGURE 97. Electric radiant system. 



FIGURE 95. Forced air system. 

All heating systems bum fuel^ but 
aome are more efficient than others* 
1!here is a di£feraK?e in efficiency 
of eguiiment in some systans* But the 
nain consideration is the cost of fuel^ 
yiadti niay vary ^th your locality. 

Heating systems generally used are 
as follows: 

- Forced air (Figure 95) • 



* Hat water (tiydronic) (Figure 96) • 

- Electric reliant (Figure 97)* 

- Electric resistance (Figure 96) • 

- HBat puif) (Figure 99) , 

- Fireplace (Figure 100)* 
" Stove (Figure 100) . 




HOT WATER 
(HYDRONIC) SYSTEM 



FIGURE 96. Hut water (hydronic) system. 
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-RESISTANCE 
ELERnENT 




FIGURE 98. Electric resistance system. 




HUT nmi FLUID 

COOLING CYCLE FOR SUMMER USE 



HEAT 
EICHMGCH 




€001 M 
FMMiilSlOe 

FUIID imi 



HEAT nOMAtR 

Atsomco 

HEATIKG CYCLE FOR WINTER USE 



FIGURE 99. Heat pump. 



WARM 
AIR 

OUTLET 



8 LASS 
OORS 




COOL AIR 
INTAKE 





FIKJRE 100. Fireplace and stove. 
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9* WFECr OF AIR COtPITIOMING 

If yoa live in a tenperate zone^ 
you can expect to use about as much 
energy to oool your house as you do to 
heat it (Figure 101) . Here you are 
trying to prev^^ heat on the outside 
fxasi beooming equal to the taiperature 
on the inside. 

The same insulation is required. 
But direct sun light should be shaded 
frcnt vondows. 




INSIDE 



FIGURE 101* In some areas* it takes as 
much energy to cool a houc^e in sutnmer 
as to heat it in winter. 

More and itore* Ar^icans are regarding 
air oonditioning au^ a necessity* rather 
than a luxury. LVon chough air cooling 
is only 3% of the total national snergy 
oonsmption^ in the hot ntmths it rises 
to about 42% of total energy oQnsunf>tion. 

10 . CTFECT OF VBTTIIATION MEHCD 

A certain amount of ventilation is 
required in a heme. One reascm Is for 
aomCart. Another is for cooling in 
swmer. Particularly the attic should 
have an air exct^mge (Figure 102) * 
Taif)eratures in attics nay get as high 
as60**C (140*F). 

11. NEW MCnPDS OF HEATING ATJ) CCXSJSS 

Passive solar ^sterns are helping to 
reduce energy oonstinption* 




FIGURE 102. Attic cooling vents will 
save energy in summer. 



12. gFBCT OF ugmmG 

Host of the eMxgy used limiting 
is in the fbim of heat. Since lights 
do supply seme heat during winter^ it is 
not so ixqportant to turn them off . But 
in stumer, heat from lights wrks against 
the air conditioning system* 

Vou can save energy ty planning your 
lii^iting so that it is the iiDSt efficient 
(Figure 103) * Fluorescent lights give 
Tvare light for energy used than incandes- 
cent lights. 











40 WATT 


40 WATT 


INCANDESCENT 


FLUDRESCENT 


BULS 


BULB 


INCANDESCENT BUtB GIVES ABDUT 1/3 


AS MUCH LIGHT AS FLUDRESCENT BUtB 


WITH THE SAME AMOUNT DF ENERGY 



FIGURE 103. Plan an efficient lighting 
system to save energy. 
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13> BKLT OP PMJMEgNS 

PlUDbirg can be designed to save 
«ne^* Driiping £anioets loae energy, 
eapecially hot water faucets* It is 
usually not cost effective, however, to 
insulate resiclential pipes* 

A water haater located inside the 
living area will help heat the house 
but will work against the air oonSitioning 
in smnier figure 104) • In any case^ the 
water heater should be viell-insulated* 

Hien adding insulation to gas heaters, 
be sure to providie £Qr air to the burner* 

14* EMERGY-ITFICIPnP ABPUBWCES 

Mich afthaais is now being placed on 
the operating efficiency of appliances^ 
Mhen purdiasing new appliances, you 
should aoDfaare efficiencies* 



VINYL 










OUTER UYER 






r 


I 

1 i 




4,8cm tlViin) 








1 

1 




FIBER GLASS 












INSUUTION 
















































- 







FIGURE lOtf* Vater heaters should be 
well- insulated. 
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D. General Recommendations for Energy Efficiency in Residences 



7000 ^^^^ 

5000. 




2000 



1000 



FIGURE 105. Winter degree days for different £;eographic locations. 



General raxnmafidatioiis £or ijxpco\niig 6. 
the enexgy efficiency in your tmie are 
as follows: 

1. Caulk all cxacks and joists* 

2. Weatherstrip all (toors and windows. 

7. 

3* Insulate heating and ventilating 
pipes and ducts if they are in 
unoonditioned qpace. 

Use for pipes and for ducts. 

4. PronjiB outside oondbustion air to 8. 
all fossil fuel burners. 



This includes wood stoves and fire- 
places. 



5. Fit fireplaces with a glass-front 

seal. 10. 



Use only high*ef£icient heatingr 
air conditioning arxl appliances. 
Heating systans should not be 
designed fior greater than 15% 
oversize. £Hl ratings should be 
8 or above. 

Find winter degree days for your 
locality (Figure 105) * 

Fbr Toore specific infcoation^ 
contact your Qiergy Extension 
Office. 

Select type of heating fuel you 
are using in oolunn 2f Table IX. 



9. Find Rr^ualue reooRinended for 
ceilingsr ^Is amd flocks for 
your type of windows and doors. 



Follow procedures in Parts Two 
and Three for ccn^iuting nore 
accurately the heat loss and 
gain and selecting and installing 
materials. 
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13VH[£ IX. (SSmPd. mXtVESXATIOUG FOR ENE3«S7 EEFIdQCY IN BUHCINGS (HUD, 1978) 



Winter 
Degree Days ^ 


Heating 
Fuel 


Ceilings* 
R-Vcdiie 
SI US 


Vtells* 
R-Value 
SI US 


Floors Over 
Unheated 
Staoes* 
R-Value 

SI US 


Ebundation 
of 

Heated S^paces* 

R-Vcdue 
SI US 


Laiyers of 
Glazing: 
Windows and 
Glass Doors 


Storm Door 
or 

Thermal Door 




0 - 1000 


Electxicity 


3.3 


(19) 


1.9 


(U^) 


1.9 


(U) 






1 


tb 


Fbssii Fuel 
or Heat Ptnp 


3.3 


(19) 


1.9 


(U^) 










1 


tb 


1001 - 2500 


Electricity 


3.9 


(22) 


2.3 


(13?) 


2.3 


(13) 






2 


tb 


Ebssil Fuel 
or Heat Pwip 


3.3 


(19) 


1.9 


(U^) 










— ■ _ 

1 


tb 


2501 - 4500 


Electricity 


5.3 


(30) 


2.3 


(13?) 


3.3 


(19) 


1.2 


(7) 


2 


Eto« 


Ebssil Fuel 
or Heat Pmp 


3.9 


(22) 


2.3 


(13?) 


2.3 


(13) 


1.2 


(7) 


1 


tb« 


4501 - 7000 


Electricity 


5.3 


(30) 


2.3 


(13) 


3.3 


(19) 


1.2 


(7) 




Yes 


Ebssil Fuel 
Or Heat Putip 


5.3 


(30) 


2.3 


(13) 


2.3 


(13) 


1.2 


(7) 




tb« 


7001 or more 


Electricity 


7.0 


(38) 


2.3 


(13) 


3.3 


(19) 


1.2 


(7) 


■ ■ ■ ^ ■■ 


Yes 


Fossil Fuel 
or Heat Pure) 


5.3 


(30) 


2.3 


(13) 


3.3 


(19) 


1.2 


(7) 




Yes 



^^eoDftinended only yitien uall covering is reroved and an adequate vapor barrier is installed* 
Insulating frames should also be provided if replacenent sashes are installed. 
Stom or tbenral door is reoarmended if the primary door is hollowoore or over 25% glass* 
*SI-R = M^-C. ys.R^h^ 

■"SET" 
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IV. Care and Maintenance of 
Energy-Efficient Buildings 



fiulldlngs are designed^ built and 
naintalned people. PDor design leads 
to poor use of neterials. PDor oonstrtK:- 
tion leads to high maintenance costs. 
Prcm beginning to end^ buildings require 
energy — energy we pay for . 

An energy^ficient building mist be 
built that my or renovated. To renain 
energy efficient^ it nust be naintained 
pcoperly* Hie custodian or building 
engineer tries to naintain a building 
£6r the users* H^mver^ all building 
users should help to **Kaintain** the space 
they use* In addition to your honie^ if 
you consider all the buildings you use in 



a year^ you will soon realize your 
responsibility for helping to save 
energy and maintain these buildings. 

Fbllowing are seme hints for main- 
taining energy-effici^it buildings* 
will start with the maintenancse of a 
home and then consider the iiqportant 
factors in the mintenance of public 
buildings. 'Fhey are discussed under the 
following headings: 

A. Maintaining an Qiecgy-Efficient 
Honte* 

B. Ibintaining an Qiergy-Ef f icient 
Public Building. 



A* Maintaining an Energy*Efficient Home 



The key to year 'round ocmfeart is a 
hone kept in good condition. Energy 
hills and neintenance costs will be much 
lower if a heme is checked both in the 
fall and spring. During these seasons 
yDU can open doors and windows without 
heat loss or gain and service heating 
and cooling systems ^^ch are not being 
operated. Outdoor repairs are also 
easier these times of the year* Lists 
are given under the following headings: 

1. Fall Check List. 

2. S^ing Check List. 

1. FALL CffiOC ijgr 

1* Check insulation viherev^ possible^ 
unfinished crawl siadas or attics. 

Check thickness and condition. 
Danf> insulation ^lould lead you 
to disoover the source of the 
problan* Make necessary iirprove- 
moits. 
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2. look closely at wBatherstxippin^ 
and cauUdng around all windows 
and doors. 

Repair cracked or separated 
caulking and replace wm-out 
weather stripping . 

3. Clean and repair windows . 

Check weatherstripping and make 
sure windows operate easily. 
Check caulking around stonns. 
Store screens to give maxiimm 
li^^ for the winter. 

4. Cover exterior portion of your 
air conditioner unit with a 
weatherproof sleeve fl^i^iJ^ the 
wmto: * 

5. Clean all^^utters and drain pities * 





6. Service heatijip systans and heat 
HESS- 

Oiange filters, vacuun ducts and 
registers or radiators^ and have 
service person do annual 
maintenance cn burner units. 
Have chiimeys cleaned. 

7 . Drain a few pails of water from 
the libt x^ater lieater to rarove 
gedijo(ait. " 

Extensive draining to Clear the 
water my suggest rust problems 
or other deterioration. 

8. Checl: and clea n burner units on 
hot water lieaters . 

9. Replace vaslie r s on leaky faucets . 

10. Check caulking aroima outside 
fajicets and drain them so that 
this "water won't &eeze . " 

11. Check roofs for leaks. 

Use unfinished attic and/Or danqp 
insulation as a w^ to detect 
leaks. Replace ai^ danaged tiles 
or iDofing naterials. With a 
finished attic, yoi can check 
from the outside. 

12. Clean all lining fixtures. 

13. Checdc house siding for holes or 
cracks. 



Fill with caulking. 

1 your 
tne ma 



14. Check and clean your humidifier as 
reocitrgnded by tne manufactmir's 
instructicns. 



15. Check fireplace danger to nake 
siare it closes tightly . 

Have chimney cleaned. 

16. Oieck insulation on pipes passing 
through unheated areas . 



17. Store canvas awnings to prevent 
imne pessary ^ w 

18. Clean refarigeratCH: and freezer 
opils* 

19. Deteonine if off *peak-4iour use of 
^ectricity is on "prpper scheoule . 



2. SPRING CHECK LIST 

1. Check for winter damage to windows 
and doorsl " " 

Caulk, weatherstrip and refinish 
if necessary. Check and replace 
screens. Store sborms. 

2. Check attic for any ymtilatipn 
problqns . 

Clean the attic to control dust 
and dirt ciruulaticHi* Clean 
vents if necessary and check for 
insect nests. Power vents should 
be cleaned according to manu^ 
facturer*s instructions. 

3. Check outside of house for 

cr acks , peel ing P^^^ P*^*^ 



Schedule necessary painting. 

4. Clean drapes and blinds and make 
sure they ^ are in good working 
oondition. ' 

5. Reinstall sunner awnings . 
Check and repair. 

6. Rerrpye winter cover from air 
conditioner . 

dean or replace filter. 

7. Switch off pilojt li^ for gas 
or oil heati 

Have service person do this if 
remote switch is not in use* 
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8. Clean dryer vent . 

Install one if this has not been 
done. 

9. ca^ecJc of f "peak^hour schedule for 
use of electricity T ' 

10. Check and clean stove hcx)d and 
roan fans. 

11. Turn thentpstats on heating 
^st ans to lowest position or 
''off" pDs'itionT ^^^ 

12. Check seals on refrigerators and 
freezers arid clean refrigerator 
ooils . 

13. dean fireplace . 

With a screened chimney^ the 
danper may be left open for 
better ventilation. 



14. Check landscaping to deteiigLne 
if additiaal plantihg of ttmibe 



or tirees vrill help for l^iEKfe cy" 
iF a wind barrier . 

15. CShack basangit . 

If basanent is danp or moisture 
shDHS on jhsHh, rmedy the situa* 
txon with a dehunidif ier or 
special paiiit. 

16. Pit d^nittidif ier iirto seryioe by 
cleanliw aooord^ to neuiftgawjtju^ 
instructions . 

17- Q^k pliinbing and make repairs. 



B. Maintaining an Energy-Efficient Public Building 



The diverse natiire of catmercial^ 
institutional and industrial buildings 
makes it difficult to prescribe specific 
maintenance procedures to fit all sltua* 
.tions. Me are assuming that the building 
has been made energy-efficient. Primarily, 
this term refers to 'cbe vey in \4hach a 
building shell has been designed and 
constructed. Secondly, it refers to the 
selection of equltin^ needed to provide 
heat, air oonditioning, light, water and 
other services. It also includes site 
developnent and landscaping. Energy-saving 
ideas for designing and constnjctinq a 
building shell are given in the following 
suimary. 

Suggestions for selecting aiergy^ 
eff ici^t equipnnent to service a building 
were given in previous chapters. fUcM let 
lis look at yays in which a naintenance 
program can be developed which will effect 
miniman costs and obtain naxiinum service 
and comfort for its users. 



1. Establish a oooperative plannijpg 

It sh:)uld be representative of all 
per scmnel who have the responsiMlity 
for determining and scheduling the 
building^s functions and use. 

2. Establish a ooronunication aystqn . 

(tenaganent should readily express 
its plan for the building's opexa- 
tion by which cnployees and other 
public users can feed back ideas or 
catiplaints. 

3. Develop a training pro^airu 

Maintenance perscra^ should be 
introduced to the need and proce- 
dures required for energy conserva* 
tion. This should be a oontinuous 
process to allow for ease in 
instituting new methods. 



76 



ERLC 




4* Develop a malntenarce schedule * 

It ahDuld be inclusive of all 
aspects of the service eguipnent^ 
building shell and landscaping. 

5* tfcitch training and ^kp^f^ of main - 
tenanpe personnel with the rjegiSred 
taaJcs * ' 

Place one person in ctsurge of each 
of the catagaries indicated in 
Ntnber 4* 

6* ttee the infotnat ion fron the cto^tors 
ana categpries in this book. 

Develop detmled plans and proce- 
dures for the care and nainteBnce 
of the building in question^ 
Building management and custodial 
personnel have this responsibility* 

7* Use engineering and other ei^a^ 
consultants^ 



8. 



9. 



Keep reoords of the cost bentf its 
re^dting from your energy bonaiier^ 
vation efforts / 

Publish stimaries of these results 
in annual reports^ local newspapers 
and nationsd trade journals* 

Siroort school and oorommity effbrts 
tab 



habits. 



energy conservation 



Public users and aiployees of any 
establishooent can contribute 
greatly to the naintenanoe or 
^terioration of an energy-saving 
program* 

10. S^ead the word* 

Your energy^-eff icirat building and 
program stould be publicissed through 
public talkSf conventions and 
associations* 



Get help to solve problens peculiar 
to the building in question. 





V. Developing Energy-Saving Habits 



You have been oonsideriiig one of the 
nD6t difficult problans £acing our natic^ 
•-energy oonsutption. Demana for ©letgy 
is becoQing greater than U* S. souroes 
and those of the wrld. 

Certainly^ alternative ^lergy souroes 
must be £:>und. ODnservatkm is the most 
ininediate source of energy ^ can tap. 
It will not be easy to develop energy* 
saving habits because it will mean a new 
lifestyle for most people— especially 
for those who presently oonsune the most. 

If you a^iply the information in this 
oourse, you will have the basis tor our 
ne^ energy-saving habits. This section 
sijif>ly lists a few of the various 
techniques for saving energy in two 
nein areas: 

A. Practicing Energy-Saving Tech- 
niques in the Heme. 



B. foacticing Enexgy^Saving tech- 
niques at Schocl or in Other 
Buildings. 

The fbllowiiig tips for oonserving 
energy at home are in most cases an 
easy and effective place to start* 
Each manber of the family will no dotibt 
take responsibility for particular 
tasks and perhaps develop new aonserva- 
tion methods. 

Suggestions are given under the 
following headings: 

1. Beating. 

2< Air Conditioning. 

3. Li^^iing, 

4. Re&igerators and Freezers. 

5. Dishwashers* 

6. Ovens and Stoves. 

7. aothes Washars and Dryers. 



A. Practicing Energy- Saving Techniques in the Home 



1. HEKTING 

1. Keep all parts of the hmtiqg 
systao clean . 

Hus includes filters , ducts ^ 
ventSf blower fan and thernostat* 

2. Be sure thernostat is placed 
where it will not be affected by 
oold drafts or heat-producing 
sotacdes such as 1V*s or lamps . 

3. Turn the thentpstat to its lowest 
settings when gone for more than 
a day . 

Shut heating system off ocitf)letely 
in warmer seasons. 



4. Lower the thernostat to 20^C (68^F) 
for the day, and 16^C j60**F) for 
the ni^t {10 p*m. to 6 a.m.) . 

Prom a 22**C (72**F) reference 
setting, this oould save as inich 
as 20% en winter heating in 
f4inneapoXis and 48% in Atlanta. 

5. Use an electric blanket at ni^ . 

Set the thernostat at 16^C (60*»F) . 
This is nuch chewier than running 
the heating systan at daytijne 
taiperatures. 
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6. Set the thttnpgtat^ no hiafaec than 
tte desired tfiBpgature %ihen"a 
roboi has been oool . 

It may be forgotten and overheat 
your hone. 



7. Iteedri 



uwe drapM or insulated ahades 
to awoia heat loss throu^ %ilndbMB 

8. Heat only those rocaa you uee 



Close doors to unheated rxxms. 



9. Use a f Ireplaoe aparingly unl< 
its efficiency has been reoently 



Close danper uhen fireplace is 
not in use — vonn air can be 
sucked \f> the chirmey. 

10. Maintain proper hanidity in a 
fouae . 

Dry air feels cooler than the 
actual totperature setting. 

11. Keep heating vents fires from 
obctnicticwis , 

ftove such obstructions as drapes^ 
furniture^ shelves <xc radiator 
covers. 

12. Check out heat^savin^ gadgets . 

They may ijifirove your heating 
system, so make sure they can 
be operated safely and confkly 
vdth all local building codes* 

2* AIR oaprnoHiwG 

1. Ute a ceilina inounted fan and a 
wexX-^ventilated attici 

It will draw cooler evening air 
through windows and exhaust hot 
air as a method for reducing 
cooling costs. 
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2. Adjust room air conditioner vents 
naweid . 

Ihis position allows for the best 
circulation and cooling of the 
warm air near the ceiling. 

3. capse heating gysteni registers 
when using a room air conditioner . 

This practice will prevent cool 
air loss through basement ducts. 



4- Avoid 

gives off haat 



Uc 



5. 



6. 



7. 



8. 



cooling. 



as it 



out 



Use shades and drmes to keep < 
solar radiation and retain the 
cooled aifl 



Keep windows closed and use doors 
gparlLngly" 

Use attic ventilation syatan to 
jciaove heat which would filter 
down and warn the rooms betowT 

Keep such devices as lasps and 
hot jplates away from the i&ir 
oondLlt loner. 



9. Keep the outside pprticm of the 
air OCTTditjjMC^ free PXnT 
cEriect sunlightf ieavesr etc. 

Use a fence or shrubs to provide 
diade. Mount cm north side of 
house when possible* 

10. Keep iratoor ooolincr vents free 
from fumitince and drapes ^ 

11. Use kitchen and batteooro vents 
only long enough to reroove exbiass 
itpisture atti odorsl 

Prolonged qperation removes 
cooled air. 

12- Use a timer to turn cm air 
oohditioner shortly before 
returninci home frcp work to 
avoid unneo^sary cbollrig during 
the day . 
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13. T\im off air oonditiooer %}hen 
yo^ are gone fi^ severial days. 

14. Set air*<x)nlitioiu^ thetwostats 
IP lower than 78^ . 

A 78-degree setting versus a 72- 
degree setting oould lower cooling 
cost by over 40%. 

3. LIGHTIMS 

1. ' fate tlie best use of natural 
tightijig . ' " 

Place desks and other work areas 
near winctows. Skylights can 
serve the same function as 
viindows. 

2. Liqnt-oDlored paint on vails and 

will reflect available li^Flfor 
better lighting efficiency . 

3. Avoid eaocessive lighting . 

Use li^t fixtures ^Aildi direct 
li^t exactly where you need it 
—trade U^ts* spot lights ^ 
lanps~in preferenoe to general 
ceiling li^ts. 

4. Use fluorescent ard top lanps 
yherev^ practical in halls^ 
baths^ Tcitchen oouaiteers ." 

5. Install dinrnar switctes and 
three^y bulbs to allow fca: 
lower intimsity when desired . 

6. Replace dark^^ bulbs as th^ 
give off less light . '''"^ 

Use than in garages and base- 
ments. 

7. Dust li^ fixtures reyUarly . 

8. Tym off incandescCTt lights 
when vou leave a rocm, werTtt 
only for a tew iaiittrt:es . 

Fluorescent li^s can be left 
on if ycxi will return to the 
area within 15 minutes. 



9. Use autonatic switches or red 
pilnt iiyy Itojaaa^nts/^ 
garages and <a6fletB . 

They will nake sure that lights 
are shut off. 



10. Security lights outdotars or 
ih^aggg^tfouM be ajjtoamt^ 
OMifeoilefl by photoelectric OEuls 



or clbjdte tiniBrs to save enyg y" 
diarii^ ^ ylifflfc. 

11. Select limits and fixtures ^hijcfa 
tttve droa tenyy.v^ <yalitiCT 
as well as ^pod looks . 

4. RglUGEItMOtg aw FREE^^ 

1. Use only a cpld y>u^ setting 
to Ke^ioe creani fini axa msSk 
ooxa. 

2. Plan to take out as cany itew 
at one tune as you can . 

3. Defrost jrprHftostfree nodels 
often ei)^^ to awoid exDMSive 
ice buiiaujp which dm a^ ais m 
insulatc»r. 



Reet> fraegeors and frecger GCP|»rt* 
rents rillea to arieyiCTt ^'^^ 
warw"al r troro jentaritig^ iJ^aii 



4. 



Place water^f illed milk cartms 
in cnpty spaces. 

5. Leave air space between itant in 

re&qerirtor to ^flUtow fi>r- free 
air^ circuilatiibh . 

Use to capacity, however, and 
don't block air vents. 

6. Us e the power"saver or eooncroizer 
17 t te unit is ao jgpi 

7. Avoid gw^ssiye moistage ty 
covering Himiiiffi; 



tt>isture causes the unit to woi^ 
harder. 
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8. ft>t dishes should oool to room 
tamerature if possiJble bi^BSe 
being placed in refri^eratarr ^ 

9. Older refrigerators are less 
efficient . " 

Use then as backip units only 
viien needed. 

10. Freeze only 2-3 pounds per o^ic 
fcx>t of japaciily at one tiro to 
avoid pcolohpea opisaa 

5. DISHHRSHERS 

1. wash only full loads . 

2. Prerinse dishes v^hen they are to 
5e left until di^xwasfao: is fuIT . 

3. Use hot water no higher than ISO^F . 

4. Follow the nanufacturerjs directions 
for loading so that soilw parts 
face the washing action . 

5. Measure deter^eaits propsrly . 

6. Allow dishes to air dry yftien 
pogsijiLe. 

M3st units now have a convenient 
selector button for this. 

6. amtS AM) STCVES 

1# Use as atall arount of water as 
is necessa]^ ' 

Stall anounts heat nore quickly. 
Use a steatner rack. 

2. Make sure the pan fits the size 
of the ]xamer\ ^ 



A sTBll pan should be used on a 
snail element. It nay be possible 
to adjust the elerfient setting or 
gas flame to fit the pot size you 
are lasing. 

3. Boil watfa: in a covered pot . 

This provides a 20% savings since 
it boils faster. 

4. Use thawed or partially thawed 
food . 

It cooks sooner. 

5. Bake as mny items at one tinte 
as yott can . 

6. Clean pans . 

Dirty, dull pans won't be as 
efficient to cook in as clean, 
shirv ones^specially in 
electric cooking. 

7. Use stoye-top elat^ts to cook 
^ods which cook ih a" ^ripx±'^~t2i^ 
and the oven for foods iddch taEe 
a long time * ^ " ' " ' 

An electric range uses 1.5 kilo^ 
watts per hour and an oven uses 
5 kilowatts pa: hour. 

8. When cooking, brin^ water to a 
muck boil and th^ turn down to 
the lowert settij^ hMded . 

9. Use a microwBve oy^ ^rfienever 
possible, if yda have one . 

10. Do not pre*heat tiie bpoiler or 
the overi unless absoliAely 
necessary . 

11. Use a lower tenperatiare (usually 
23" less) whai you uise ^las s 
or ceramic dish . 
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12# Do not use your range or oven to 
hBat tfte kitchm* 

13# If you use a self-cleaning cyen , 
activate it right after you have 
been bakingZ 

14* Use the sraallea: of two ovgns 
whgieveg possible in a double 
oven unxt* 

15# Use copper, stainless steel and 
cast iron pots * IL,. ^ 

Hhey require lower tcnperature 
settings than does alundnum* 

16* If you have a pressure ooofcet, 
use it wheneroa: poasible * 

It saves time and energy* 

17 • Turn off ssci electric range 5 
minutes tfe^ of tiire* 

The food will continue to oooik 
as the unit oools* 

18* Use sroaller oooking appliances 
such as toaster^KJwn/ croc^^ 
electric frying pan* 

They oonsiite less enocgy than a 
range for mar^ cooking tasks* 

19* Regj reflector pans under surface 
units on your electric '^'^nge 
clean to irrprove their efficiency* 

20* t^henever possible, keep the oven 
door closed vjhile baking * 

As much as 20% of the heat can 
be lost with one qpoiing* 

21* Do not use alumimm foil to line 
your oven unless manufacturer's" 
instr^gtions permit it * 

Reduced ciix:ulation and efficiency 
can result* 



7* CU3imS JitiStSSS imEBS 

1* Use the least anpmtt of water 
for the washing jdb to be done* 

Kater^level controls are avail* 
able on many machines* 

2* Do not overload your washer* 

If you do^ the machine has to 
overwork and will not operate 
efficiently* 

3* Use warm or cold VBter whenever 
possible * ' " ' 

4* Clean the lint filter after each 

15a: 

5* Sort clothes by color and fabcic* 

Vbsh sindlar itents together* 
You will save on hot water and 
electricity* 

6* Take care in the apnoiait of debar- 
gent you use * 

ibo much can overwork your machine* 

?• Try to run the dryer only \ihein 
you have full loads* 

8* Do not cverdry the clotted * 

^Diis wastes energy, causes 
wrinkles in clothes^ and fabrics 
may even wear out sooner* 

9* If your dryer has a teat-sensing 
obntroi or tJraarV be ffore to ui» 
it to avoid 

10. Rm drying loads of similar 
tacrics. 

Some fabrics require a shorter 
drying period than others* 
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11. Pry clothes in oonsecnitiye loads 13. if clothes roast later be 

to retain ^at frcm one load to for ironing/ do not oonpl 

the noct , dry then in the dryer . 



12. dean the lint filter after each 
load. 



B. Practicing Energy*Saving Techniques 
at School or in Other Buildings 




Your knowledge and practice of energy 
conservation can make a major contribu- 
tion to solving our energy problents. The 
foUoMing tips for saving energy can be 
applied in schools and other buildings. 
Whatever the method used, it will require 
the ooqperation of all persons involved. 

Suggestions are given under the 
fallowing hidings: 

1. General. 

2. Heating and Cooling. 

3. Lighting and Electricity. 

4. Building Design and Renovation. 

5. Ejctra Activities. 

6. Pood Services. 



1. GENERAL 



1. 



2. 



3. 



4. 



5. 




Involve everyone at his or her 
level . 

Establish guidelines for energy 
oonservation . 

Involve everyone aiid take in all 
facets of an educational program 
or business. 

Evaluate present systems and 
methods and recont^fid short and 
Xong'range changes^ 

Provide a clearinghouse for 
information and piroceduresT 

Determine enacgy needs for a 
recent specijiic time . 

Use this as a basis for oon^sarison 
to project future action. 



6. 



7. 



8. 



9. 



10. 



12. 



13. 



14. 



Mate use of surveys which have 
been done on ena?gy use . 

Insure tlat future building 
plans are cased on oonservation 
as well as educational and 
aesthetic features . 

Renind people that energy conser* 
^;ation begins in a gtBll\ay on 
an individual basl^ 

Launch a fajblic relations pro^ 
gram to troadeh unda:sfaumhg 
of the sifauation ."^ 

Develop a oocyarative effort 
among schools^ business/ industry 
and the conimmity. 



11. Encourage an exchange of ideas 

— iir 



rrcm 



levels. 



Tteach energy ^Jsage and (xmserva" 
tion as part or the currixmium 
or training program . 

Urge purchase and use of equip- 
ment viimcm uses energy mdsc 
efficiently . 

Consider alternatives to the 
traditional school year or 
working week to ma3te optimin 
use of noy^^:cy"Oonsu^t^ptl^^ 
months and space available^ 
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2 . HERTING AtP OO0LIM3 

1. Review school calendar . 

Extend school days in the time 
frames ^f^^uch require the mlninRin 
use of heating fuels as related 
to heating degree days. 

2. Establish a standard thennostat 
aettirig that will not interfere 
vri-th leajniiJig^^ or Morking ' ^ 
situaticyis . 

3. Provide for an individual thernD- 
Stat in eadh rpom or work ^ea 

90 as to ef f ic ioAly oontrol^ 
tanperatipre ^ 

4. Reduce to a mlniinign the heat in 
auditoriums axid ^ynis . ^ 



5. 



Check rocm partitioning so that 
intake and outlet aiir flow is 



not restricted. 



6. Reduce tcnperatures ^ter regular 
prograrns or work hours . 

7. Curtail wrk activities fa^YCT^d 
normal school day . 

8. Oonaolidate work ar^^s . 

9. Oonsolidate essential after- * 
hour proyrams . 

10. Clean all air intake f ilters 
periodically and ^ivice ^ 
reyiUrly . ' " 

11. Insure bo il€a: efficiency 
P^iodic cl^njjjSL and^^propg: 
water txeatrtiEJit to pr&ierA: 
scaxe . 

12. Insure burner effici^ricy by 
proper mechanical operatidn, 
proS ftKl 'aiA air njiiE5re 
(E^t iet ifevixje) ajg periodic 
cTeanii^ . 



13. Check stadc tatp^atiTOB to 
rarecluite the loss of heat in 
the cgnbostion pmam 

14. Insure that all valy^eat in the 
and check for leaks in- the 



systgn . 

15. Bigye that all vacuun and 
oondensat ionnreturo P^ys 
function jppo^l y. 

16. Balarce heating and aox oc^^ 
Honing ^stens to niincunizeTi>t 
and com spots in the buildjn^^ 



17. Investi^te fscysrg^ efficiency 
as^part of tte ariferia ^Hj^ 
purchasing heating or cooling 
equa^iiftent . 



18. 



Schedule aU ewmiig meetijigi 
for one building at oonraai^ 



is 

tSnes. 



19. Replace old^^ nc^v-effici^ 
Hmt-gaX)dix;jjM elec^ical d^r^^ 
witihi new solid-state (oodeor ) 
devices . 

20. Provide facilities of a size 
appropriate to the n&ads of 
a ^^!Dt^ . 

21. Investigate the use of diiyier 
patches 6or regulatiCTi pi 
li ghts in areas not cotinoaily 
"used . 

22. Lower ceilims^ ^Aieoce p os^ i bLe, 
to reduce air space fcr.lieERJng . 

23. Draw shades and cvrtaii^ at 
ni ght to retain j>mt . 

24. Check and refurbisfa insulation 
arB weather strippihq . 

25. Keep windows a.vi ^^o^mts closed 
to retain heat. 
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26. Turn off heat in stairways and 

3, LKMTIMG MP ELECTEaCITY 

1- Replace o IdCT jjncaxAesc&it 

flystaris or HID laitpsi ' ^ 

2. MinmLze tiie lanpth of time 
artificial light ijs uiswaJ, 

Use windows and skylights to 
good advantage. 

3- Shut off banks of light nearest 
natural light Purees" vfam not 



4. Oonsijto: f^'wer bulbs with higher 
wattage when designing a ligntlhg 
arranggnent > 

5. Develop igaecifications for <^ec" 
trical" ecTuipnieiri: which atphasiae 
minimal era^gy usel 

6. Operate ev^y oUio: fluogrescent 
tube in a barA: of f lubpresc^it 
lights . ^ 

7. ^estigate new lighting systeng 
TEbth i^ectrical am natural}" for 
inoorpcarationi ihtb jgaresent 
buildlrpsi 

8. Keep f luorescQit t^txs clean . 

The dirt they attract will reduce 
lighting efficiency. 

9. shut of f lights not in use . 

10. Schedule l^rge porer-<yngtia^ 
activities for off-peak hjurs . 

11. Schedule cleaning for daylight 
hGOjrs whenever possible . 

At night, use lights only in 
the roans being cleaned. 



12. Investigate the use of tiitfers 
on electriral devices . 

13. Regulate and reduce tlie use of 
non-essential appliances . 

14. Use paints which reflect light 
witnout g-Lare . 

HJIIDIHS DESIGN AM!) REbPWVTION 

1. Oonsider en^cgy as important in 
design as educational functiOT - 
and aesffletic featin res. 

2. ^todi^ ^sting buildings in 
well-plahhed phas^ . 

3. Utilize a variety of consultants 
in all filannii^ groi^ . " ' ' 

4. Plan alternate lighting systans 
with a reeggniji^Vr^^ of rgiiam^^ 
stoTTtflanls . " 

5. Review present methods of insulating 
buixdings . 

6. Install staorm windows or insulated 
glass . ' 

7. Ebcamine and repair weather* 
strif^ing . 

8. Se lect heating and air oondi- 
jEL^ning imits which are nost 
efficient . 

9. Ajr conditioning systems for 
srxirt term use nay be imnec^sary . 

10. landscape for minimal ea^er^y use 
In" vpkee^ and maxiimjcn protection 
oFbiailding froin weathe r. 

11- Position classrooms and offices 
for miiiimuTO jg<posu^ tb^ 
3Irect sunlight, anJ nbise .^ 

12- Minimize glass area . 
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13. Octtisider lower ceilings . 

14. Replace ijief ficient older equip- 
ment with new ecyiipment . 

15. Plan to reuse vaste heat when 
possiJble . 

16. Plan a liqfat, efficient ana 
CTinfiortalfle decorating scheme . 

5^ EKEWV ACTiyrriES 

1. Centralize necessary evening 
classes . 

2* Eliminate non-essential evening 
classes . 

3. Reschedule as many cltib and 
i^tl^ ybyps" Ar'ing' a ^"&ee 
piariod'* of the regular day " 
schedule or pust after scKjol . 

4. Review athletic sctedules to 
ke ep activities within a certain 
mileage range* 

5. Reschedule night gangs to af taa> 
noons. 

6. Use gnaller vehicles for driver 
educatiro classes ."^ ' ' 

7. Schedule athletic ac other after* 
ichool activities siiriiltajiebij^^ 

6. FOOD SEyVTCES 

1. ' Centralize food preparation * 

2. Route service vehicles efficiently * 

3. Ehploy fastey oookim inethods-* 
paresanre cooking and microwave . 

4. Use cold vater whafi possible for 
wailing . ^ " 

5. Replace inef ficient^ c^jsolete 



6* Ehploy menus that reAice the 
amount of oookln? necessary . 

7* Use as many manual devices 
(can opaiers) as practicaiELe . 

8. Defrost r^rigerators npiually . 

9- Minamze snacks and aiack tiine . 

10. Plan taking to use ovens to 
capacity and ef ticioisy . 

11. Encourage use of cold lunches . 

12. Check cleanliness of refrigera- 
tion coils and other factors 
yjTdc h use extra ianergy . 

13. Use prepared foods unless the 
post is^iohaijitive^ ' 

14* Miniinize tenperature on steam 
tabl^ iard wanninig" bvois . 

15. Ttow faozen foods before oooklng . 



86 



ERLC 



SO 



Bibliography 



AIA Research Corporation, A Survey 
of Passive Solar Buildings , 1978. 

AIA neseai€h Corporation^ Solar 
Dwellijng Design Oono^Jts, 1976. 

Alliance to Save E^iergy, Energy 
Oonservation Seminar Vtorkbookf 
1578: 

Anerican Plywood Association, All-^ 
Weather Vfcxd F c n dation System 
Vs. Oonvention T Poured Cbncrete . 

ASAE, A Pprm Approach to Housing 
Biergy Ccnservation Programs, 

mr. — 

ASHRRE, Ooolinq and Heating load 
Calculation ^toual, 158, 
1579: 

ASHRAE, Biergy Conservation New 
Building Design , 90-75, 1975. 

ASHRAE, Handbooik of Rir^tomentals , 
1977. 

AS!IM, publications List , 1978. 

Buyers Gui<te, The Service Reporter 
(Air Oonditioniny, Refrigeration, 
Heating and Vbntilation) , Box 
745, Wiling, IL 60090. 

Georgia Power Cbnpany, Handbook: 
Good Cents HoEte, 1977. 



H. C. Products Ccn^Bny, Brochure, 
Erinoeville, IL 611?§^ 

Heme Ventilating Institute (HVI) , 
Chicago, IL. 

HUD, In the Bank or Vp the Chirmey, 
1575: 

Interstate Printers, Inc., Construc- 
tion teinciples. Materials and 
Mathods , 19757^ 

Midiwest Plan Service, Structures and 
arviroiinent Handbook , 1977. 

NBS, Ufe-Cycle Oostinq , 1978. 

NBS, Hre^Pornaldelwde Based Foam 
Insulations , 1977. 

HAHB Research Boundaticn, All Weather 
Hotne Building ^fanual , 1975. 



NAHB, Wbiridxxic: Designing, Building 
^ g^ ,,. . ... 

Hemes, 



and Selling Energy Conserving 
>, 1977. 



Naticfial Mineral Hbol Insulation 
Association, How to Insulate 
Your Hcne Yourself , 1977. 

NBS, Building to Resist the Effect of 
Wind, 1^77. 

NBS, Energy Conservation in Buildings, 
I57^r^ 

NSTA, Biergy Environment Source Book, 
19757^ 



87 



Owens/Coming Fiberglass, Guide to 
Oonstxiicting an Energy Efficient 
Hgnje, 1976. 

Itortlai^ Cement Association, Tt^ 
C oncrete /^roach to Energy 
Qmservatian , 1974. 

ftrinoeton Uiiversity Press, Design 
With Climate , 1963. 

Shall Hones Council, Living with the 
Biergy Crisis , 1977. 

Structures Publishing Ccrpany, Hew 
to Cut Your Energy Bills , 
Perven and Nichols, 1976. 

USDOC, 3 3 Money-Saving Ways to 
Conserve Energy in Your 
Business , 1977. 

USDA Forest Service, Cosndensation 
Problems in Your Itouse , 1976. 

USDOC, Ma king the Nbst of Your Energy 
Dollars in Hcnie Heating ai¥3 
Cooling . 

USDOC, Solar Heating and Cxoling in 
Buildings — Methods of Eajnonic 
Evaluations ^ 1975^ 

USDC^, A Training Program For Siergy 
Conservation i n New Building 
Ctanstruction , Volumes I, II, III 
and TV , 1977^ 

USDCE, Energy Uonf;ervation in the Hone . 

USDOE, Energ>^ Conservation on Canpus , 
1976, 



USDOE, Ener^ Savings llirouqh 
Automatic Themostat Oontrols , 
1977. 

IKDOE, Heme Diergy Savers Vtorldaock f 
1977. 

USDCE, Hotf Business in Los Angeles 
Cut Biergy Use by 20 Percent , 
1976. 

USDOE, Making the Most of Btergy in 
Real Estate , 1978. 

USDOE, Minimum Energy Dwelling (^ED) 
Vtorkbook , 1977. 

USDOE, National Energy Outlook , 1976. 

IKDOE, National Program Plan for 
Raseartdi and Develc^irent in 
Solar Heating and Pooling , "1976 . 

USDOE, Orqanizatigi and Functions 
Fact Book , 1977. 

USDOE, Project FBtrcHTech , 1977. 

USDOE, Solar Energy in Anerica's 
Future , 1977. 

USDOE, Survey of Cfellulosic Insula- 
ticji Materials , 1977. 

USDOE, "ghe Naticaial Energy Act , 1978, 

USDOE, The Resouroe File: Practical 
Publications for Energy Manage* 
nent, 1978. 



USDOE, Tips for Energy Savers , 1975* 



88 



